GENETICS 


A PERIODICAL RECORD OF INVESTIGATIONS BEARING 
ON HEREDITY AND VARIATION 


VOLUME 5 1920 


At 
; 
? 


PUBLISHED BY 
THE PRINCETON UNIVERSITY PRESS 


PRINCETON, NEW JERSEY 
AND 


Witirams & WILKINS ComMPANY 


BALTIMORE 


Second Printing 1965 / University of Texas Printing Division, Austin 


+ 
Nig 
pen 
, 
> 
ia 


GENETICS 


A PERIODICAL RECORD OF INVESTIGATIONS BEARING ON 
HEREDITY AND VARIATION 


EDITORIAL BOARD 


GrorcE H. Suutt, Managing Editor 
Princeton University 


Wirtram E. CASTLE Epwarp M. East 
Harvard University Harvard University 
Epwin G. CONKLIN Rotims A. EMERSON 
Princeton University Cornell University 
CHARLES B. DAVENPORT HERBERT S. JENNINGS 
Carnegie Institution of Washington Johns Hopkins University 
Bravtey M. Davis Tuomas H. Morcan 
University of Michigan Columbia University 


RAYMOND PEARL 
Johns Hopkins University 


‘SAS 
a 
PRINCETONT 
as UNIVERSITY, 
PRESS 
\ 


TABLE OF CONTENTS 


JANUARY NUMBER 


(Issued May 17, 1920) 


Portrait of JosEpH GOTTLIEB KGLREUTER Frontispiece 
Page 

ALTENBURG, EDGAR, and MULLER, HERMANN J., The genetic basis 
of truncate wing,—an inconstant and modifiable char- 

WarrEN, Don C., Spotting inheritance in Drosophila busckii Coq.... 60 

MARCH NUMBER 
(Issued August 10, 1920) 

GOwEN, JoHN W., Studies in milk secretion, V. On the variations 
and correlations of milk secretion with age............... 111 

Ketty, JAmes P., A genetical study of flower form and flower 
color i Piles 189 

MAY NUMBER 
(Issued September 9, 1920) 

GowEN, JoHN W., Studies in milk secretion. VI. On the vari- 
ations and correlations of butter-fat percentage with age 

Dunn, L. C., Independent genes in mice. :...............eeeeeeees 344 

JULY NUMBER 
(Issued December 30, 1920) 

ADKINSON, JUNE, The behavior of bronchial asthma as an inherited 

BLaKESLEE, A. F., A dwarf mutation in Portulaca, showing vegeta- 


Genetics 5: v 1920 


TABLE OF CONTENTS 


(ConTINUED) 


SEPTEMBER NUMBER 
(Issued February 10, 1921) 
Page 
LauGHLIN, Harry H., Calculating ancestral influence in man: a 
mathematical measure of the facts of bisexual heredity... 435 
SAFIR, SHELLEY R., Genetic and cytological examination of the phe- 
nomena of primary non-disjunction in Drosophila me- 


StuRTEVANT, A. H., Genetic studies on Drosophila simulans. I. In- 
troduction. Hybrids with Drosophila melanogaster...... 488 


NOVEMBER NUMBER 
(Issued March 4, 1921) 


PAYNE, FERNANDUS, Selection for high and low bristle number in 


the mutant strain “reduced” ...... 501 
East, E. M., and Jones, D. F., Genetic studies on the protein con- 


Agee 
ay 


CORRIGENDA 


Page 18, line 10, for ““wheras” read “whereas”, and for “7’;” read “T’,”. 

Page 30, line 10, for “‘germ splasm” read “germ plasm”’. 

Page 38, line 2 from bottom, for “lines f and 2” read “line 1”. 

Page 44, line 9 from bottom, ‘‘41” should be light-face like the denominator. 

Page 60, line 7 of table of contents, for “Selection in line 500. . . .64” read 
“Selection line 500... . 66”. 

Page 60, line 8 of table of contents, for “67” read “69”. 

Page 60, line 9 of table of contents, for “68” read “70”. 

Page 60, line 10 of table of contents, for “70” read “72”. 

Page 60, line 11 of table of contents, for “71” read “73”. 

Page 60, line 12 of table of contents, for “73” read “75”. 

Page 60, line 13 of table of contents, for “74” read “76”. 

Page 60, lines 14 and 15 of table of contents for 75” read “77”. 

Page 180, line 15 of text, ‘10.648” should be raised to the position of an 
exponent of the quantity in parenthesis. 

Page 190, line 20, insert semi-colon after the word “present”. 

Page 195, figure 4 is inverted. 

Page 195, line 2 below the figure, for “‘Pholox” read “‘ Phlox”’. 

Page 211, line 9, for ‘‘magneta” read “magenta”. 

Page 215, last 3 lines of first column, for “(AB)o51.7” read ‘(AB)e50.20” 
for “(AB)es0.20” read and for read 
(AB) 051.7”. 

Page 217, line 9, for “‘anthocayanin” read “anthocyanin”. 

Page 222, line 6 from bottom, for “‘(BA)sg9.1” read” (BA)s¢9.12””. 

Page 223, line 4 below table, for “5” read ‘*25”. 

Page 228, line 11, insert comma after “‘D,”. 

Page 237, line 7, for “‘.8 of” read “‘about”’. 

Page 239, lines 1 and 2 below table, at-right only, for “III a” read “III b”. 

Page 246, line 6 of paragraph 5b, for “‘ P” read “ P or D” 

Page 247, line 6 of Literature cited, for ‘131 pp.” read “154 pp.” 

Page 340, graph of chromosome, at extreme right only, for “p” read“‘ p’”’. 

Page 340, line 1 below graph, for ‘‘th” read ‘‘the’’. 

Page 353, heading of table 5, third column from left, insert ‘‘and” before 
“Type A.” 
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CORRIGENDA (ContinvED) 


Page 355, table, 6, between columns 1 and 2, insert a column as follows: 


Agouti 
b.-e.-white 
AW 


64 
76.5 


Page 355, column 3 of table 6, for “41” read “76,” and for “38.25” read 
“76,3”. 

Page 355, column 4 of table 6, for “76” read “64”. 

Page 458, plate 2, a dotted line should connect P;, No. 15 with Py, No. 8. 

Page 462, line 3, for “minature” read “‘miniature”’. 

Page 466, line 6 from bottom, for “page 000” read “page 478”. 

Page 467, line 14 from bottom, for “minature” read “miniature”. 

Page 476, line 13 from bottom, for “‘othe frraction”’ read “other fraction”. 

Page 481, line 4 from bottom, for “‘minature” read “miniature”’. 

Page 486, line 3 of paragraph 8, for ‘‘minature”’ read “‘miniature’’. 

Page 558, line 7 from bottom, for “F” read “F,”’. 

Page 575, line 4 below table, for “‘20A—8-5-28” read ‘‘20A-8-5-22”. 
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JOSEPH GOTTLIEB KOLREUTER 
(FRONTISPIECE) 


This first great geneticist was born at Sulz-am-Neckar, Wiirttemberg, Ger- 
many, April 27, 1733, and died at Karlsruhe, Baden, November 12, 1806. In 
1748 he entered the UNIVERSITY OF TUBINGEN, from which he received the degree 
of Doctor of Medicine in 1755, having spent one of the intervening years at the 
UNIVERSITY OF STRASSBURG. In 1756 he went to St. Petersburg where he had 
charge of the extensive collections of the ImperIAL ACADEMY OF SCIENCE, and 
while there published some 20 notes and brief memoirs, chiefly on zodlogical 
subjects. In 1761 he returned to Germany as Professor of Natural History, 
first at Calw, and then in 1764 at Karlsruhe, where he was appointed Director 
of the Gardens of the Margrave Kart FRIEDRICH, a position which was rendered 
unhappy and finally untenable by the jealousy of the gardeners whom he super- 
seded in authority. Although he ceased to be Director of the Gardens in 1769, 
he continued under the patronage of the Margrave throughout the rest of his 
life. 

While at St. Petersburg, K6LREUTER achieved success in the production of 
plant hybrids. His cross between Nicotiana rustica 2 and Nicotiana panicu- 
lata ¢ was made in 1760, and 78 of the young hybrids were grown the same 
year. Twenty of these were brought to flower in-doors in March, 1761. With 
the exception of a single cross made by Linnaeus (1757) between two species 
of Tragopogon, these were the first plant hybrids ever produced as the result of 
a fundamental genetical experiment, though at least one authentic hybrid was 
known to horticulture as early as 1719 (Farrcuttp’s pink). 

These hybrids were intermediate between their parents in all the more striking 
differential characters, and the pollen was scanty or wanting. Similar phenomena 
were found to be generally the characteristics of species hybrids, and while there 
are some notable exceptions, the occurrence of pollen sterility in hybrids has been 
recognized as an important index of the specific distinctness of the parents, and 
this test is known as “K@lreuter’s method.” 

KO6LREUTER’s second Nicotiana cross (Nicotiana transylvanica X N. glutinosa), 
stands as the classic example of the excessive vigor often seen in hybrids, the 
phenomenon now known as “heterosis.” 

While most of K6LREUTER’s hybrids were identical in reciprocal crosses, he 
secured notably dissimilar reciprocals in Digitalis; and in Verbascum he met and 
recognized the phenomenon of self-sterility. In one of his later papers he also 
distinguished between “constant” and “‘inconstant” hybrids, but evidently did 
not appreciate the importance of this distinction. J. BEHRENS, who has pre- 
pared the only comprehensive biography of KOLREUTER,* credits him with 283 
successful hybridization experiments, of which the greater number involved 
Mirabilis (82), Dianthus (54), Nicotiana (43), Verbascum (36), and the Mal- 
vaceae (20). 

Besides his strictly genetical experiments, KOLREUTER made careful studies of 
pollen, of whose form and structure he gave descriptions, but owing to the inade- 


* BEHRENS, J., Joseph Gottlieb Koelreuter. Ein Karlsruher Botaniker des 18. Jahrhun- 
dert. Verhandl. d. naturwiss. Vereins in Karlsruhe 11: 268-320. J portrait. 1894. 
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quacy of the microscopes then available, he did not discover pollen-tubes, and so 
gained an erroneous conception of the nature of the fertilization process, which 
he thought to be a mingling of a female fluid secreted by the stigmas and a male 
fluid expressed from the pollen grains. 

He also made numerous observations and experiments on nectar, and recog- 
nized and stated repeatedly and with emphasis the relation of insects to plant 
pollination. In this he anticipated by nearly 30 years the brilliant work of 
SPRENGEL (1793). SPRENGEL’s “Discovered secret of nature” was no secret to 
KO6LREUTER nor to those who had read the published accounts of his experiments. 

Only four of K6LREUTER’s papers are generally known, namely, his “Vor- 
liufige Nachricht von einigen das Geschlecht der Pflanzen betreffenden Ver- 
suchen und Beobachtungen,”’ and three “Fortsetzungen,” which were published, 
respectively, in 1761, 1763, 1764 and 1766. These four papers were republished 
in 1893 in Ostwald’s Klassiker. A note in the latter intimates that these were 
the only papers published by K6LREvTER on his hybridization experiments, but 
this is erroneous, as he wrote between 1772 and the time of his death, 22 botani- 
cal and several zodlogical papers, mostly relating to hybridizations in various 
groups of plants. Nearly all of these were published in the Acta Academiae 
Scientiarum Imperialis Petropolitanae, St. Petersburg. 

KGLREUTER’S strict adherence to the experimental method, his carefully 
planned and executed experiments, his direct and lucid statements of results, 
and the clear logic of his inductions and deductions, were strictly modern and 
in striking contrast to the writings of most of his contemporaries. 


The portrait here reproduced is the only one of KOLREUTER generally known, 
and it has been repeatedly engraved. We have been unable to secure informa- 
tion as to the present location of the oil painting which forms the basis of all 
these various engravings, but in 1894, when it was first reproduced, it was in the 
possession of W. K6OLrEUTER, a grandson of J. G. KOtreuTErR, Hornberg, Baden, 
and it is probably still in the family. A second oil painting which is practically 
a mirror image of this one, is included among the relics of C. F. GAERTNER which 
were deposited by GAERTNER’S daughter in the Botanischen Institut of the 
UNIVERSITY OF TUBINGEN. It is not known whether this second portrait is an 
original or whether it was copied from the one already mentioned, but Professor 
E. LEHMANN to whom we are indebted for photographic copy of this potrait is in- 
clined to believe that it is the original and the only original portrait of KOLREUTER. 
He suggests that the facing of the engraved portrait to the right instead of the left 
was a result of the process of engraving. If this explanation is correct, certain other 
minor differences must be explained in the same manner. 

The engraving used as the basis of our frontispiece was retouched and changed 
from an oval to an oblong setting by J. MARION SHULL, of the U. S. DEPARTMENT 
OF AGRICULTURE. ‘The fund necessary for its reproduction was generously pro- 
vided by Professor Oakes Ames, of HARVARD University, well known for his 
numerous papers on the Orchidaceae. 
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THE INITIAL SELECTION EXPERIMENTS AND CROSSES 


One of the first mutants which Morcan found in Drosophila was a 
fly with truncated wings. It appeared in 1910, in a stock having beaded 
wings, and the inheritance of truncate, like that of beaded, seemed from 
the first to be irreconcilable with Mendelian principles, or indeed with 
any theory of fixed and segregating factors. 

The truncate and the beaded cases thus stood as a constant challenge 
to those workers who hoped for a completely rational explanation of in- 
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heritance in Drosophila. Beaded has been dealt with in another paper; 
the truncate case will be considered here.* 

The original truncate male, when crossed by its normal sisters, gave, 
even in F,, a motley collection of offspring, the great majority being 
normal, but truncates of various grades also appearing. In F, the re- 
sults were varied, and some of the F, matings of truncate by truncate 
gave nearly half the F, flies having some degree of truncation. It was 
to be expected that in the next generation pure stocks could be estab- 
lished ; nevertheless crosses of the F,, failed to produce any higher pro- 
portion of truncate than before, and for a few generations it seemed 
as though selection might be ineffectual. Broods yielding a higher per- 
centage were found after several months, however, and by carrying on 
the selection work with these lines for about a year, MorGAN finally was 
able to obtain a stock in which sometimes as much as go percent of the 
flies showed the mutant character. The intensity of the character had in- 
creased markedly at the same time, but was accompanied by a greatly 
diminished fertility of the flies. 

At this point one of the authors took up the work, and in an effort to 
obtain pure stock the process of selection was continued for nearly three 
years longer. It seemed, however, as though the climax had already 
been reached, for it was found impossible entirely to eliminate the nor- 
mal individuals from the stock, or to obtain races that consistently yielded 
more than about go percent of truncates of all grades. It would not be 
justifiable to publish the protocols of these experiments in detail as this 
sort of breeding work is necessarily of an uncritical nature, not adapted 
to give definite factorial solutions to genetic problems. Table 1, how- 
ever, is given as a sample of this series of experiments; it shows the 
effects simply of 13 successive generations of the selection, carried on 
during the latter part of the period. It will be seen that the average pro- 
portion of truncates (all grades) shows no significant change, being 84 
percent for the first four generations, 90 percent for the intermediate 
five, and 88 percent for the last four. 

These results suggest that this final stock might really be pure geneti- 
cally, and homozygous for truncate, and that the differences between the 
individuals were due only to external conditions which accentuated or in- 
hibited the development of the somatic character. In that case the nor- 
mals and the truncates of various grades should all give identical results 

1A preliminary account of the truncate case was given by the authors in the book of 


Morcan, SturtEvANT, Mutter, and Brinces (1915, pp. 191-194). Most of the crosses 
there reported were made in 1913. 
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Ficure 1.—Types of truncation. 
a. Very short truncate male (the blistering is a frequent characteristic of this grade). 
b. Typical short truncate male of the selected stock. 
c. Long truncate female—the type of “truncate” usual in outcrosses. 
d. Intermediate-winzed female. 
e. “Slight intermediate” male. 
f. Normal-winged male from wild-type stock. 


when bred. Table 2, however, demonstrates the wide genetic difference 
between the normals and the truncates thrown by this stock, for whereas 
the truncates on the average had given 91 percent of truncates in this 
experiment, the normals yielded only 5 percent. Even the selected stock 
therefore is undergoing a continual genetic variation, with which the 
variation in the character is correlated, and so selection back and forth 
within this stock still has immediate and marked effect, within the 90 
percent limit. 
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TABLE I 


“Main line” of truncates selected for 13 generations for homozygosis. 


Average grade) Average grade Average 
Number of} Truncates of truncation | according to percentage 
generation (all grades)| Normals | according to groups of of 
generation generations truncates 
I | *13 | oO 3.0 7} 
| *I19 4 2.3 
| 16 8 
84 
3 | 
| 15 I 27 
12 
| 8 asf 
5 | *18 2 2.7 ] 
6 23 3 
8 2 2.5 
*28 8 
7 *98 6 2.70 90 
9 2 28 
53 6 
8 *13 2 2.6 
9 *8 3.0 J 
10 30 2.6 } 
*19 
II 10 I 2.5 
*29 > 2.64 88 
12 *79 10 2.7 
13 28 20 


* The asterisks denote those families from which the parents of the families recorded 
in the next generation were taken. It will be seen that, in some cases, as in generation 
6, the family thus marked out is not the one that shows the highest percentage of 
truncates. Such a curcumstance is due to the infertility of the “best-truncate” families; 
attempts were made in each generation to breed from the “best” families, as well as 
from the others, but the “best” lines frequently died out after one or several genera- 
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tions, the race then being continued from the families of those poorer lines which 
had been carried on simultaneously as a safeguard. The above table shows none of 
the unsuccessful side lines which were in this manner always being carried on, both 
from better and from poorer stocks, but it gives a record only of those families that 
happened to lie in the line that was carried through continuously. 

As a typical example of an unsuccessful side line, it may be stated that in generation 
6, referred to above, three cultures were made of the truncate flies in the “best family’ 
(that which consisted of 23 truncates, 3 normals). The “best” of these three cultures 
gave, in generation 7, 78 truncates and 1 normal; two families in turn were started 
from this culture; of these, one produced nothing at all, and the other yielded only 
three infertile flies in generation 8. The “main line” thus reverted to the descendants 
of the third bottle of generation 6, which has therefore been marked with the asterisk. 

In determining the average grade of truncation of the above counts, the class of trun- 
cate is assigned an average grade of 3 and the class of normals a grade of o, each 
grade is then multiplied by the number of flies in the class having that grade, and the 
sum of these products is divided by the total number of flies. 


TABLE 2 


Genetic behavior of normals thrown by truncates of the selected stock. 


Number of generation Truncates Normals 
I 38 3 
2 21 I 
3 17 I 
4 62 9 
5 ° 27 
6 I 19 
rf 5 67 


Lines 1 to 4 show the counts given by the truncate stock for the four generations 
preceding that in which normals were chosen; only those families are here recorded 
which are in direct line with the one (4) from which the normals were derived. Lines 
5 to 7 show the ratios thrown by the normals during three successive generations in 
which they were selected as parents. Individual matings (separate pairs of flies) were 
not used in this experiment. 


The results of crossing truncate to wild-type flies were extraordinarily 
indefinite and inconclusive. A few examples of the numerous crosses 
of this sort which were carried out are given in table 3. Truncate be- 
haves nearly as a recessive in F, (see table 3(A) ), although a small per- 
centage of flies appeared with the claracter more or less perfectly devel- 
oped. In F, a good 3:1 proportion was never secured, but, as may be 
seen from table 3(B), ratios occurred varying from 168 normals: 1 trun- 
cate, to less than 2 normals: 1 truncate, the “truncates” being of various 
grades. In other crosses of the same type F, families have also occurred 
in which no truncates were produced at all. When an attempt was made 
to recover truncate stock by breeding together the “extracted” truncates 
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6 
TABLE 3 
Crosses of truncate by wild stock. 
(A.) F, (from wild female by truncate male) 
Bottle No. \Character of parents) Truncate [Intermediate) Normal Percentage 
of truncates 
used é| Q 
(all grades) 
Wild 2, Té from se- 
1 lected stock 5 I 4 2 | 162 182 3.36 
Wild 2, Té from se- 
2 lected stock 5 3) I 3 | 129 127 3.4 
Wild 9, Té from se- 
3 lected stock ° I I o| & 83 1.15 
Wild 9, Té from se- 
4 lected stock 4 I I 3 | 214 (9&3) 4.03 
Wild 9, T ¢ from 
5 early unselected stock} 0 oo} o 0|672 676 0.0 
(B.) F, (from F, X F,) 
Percentage 
Bottle No. |Character of parents) Truncate |Intermediate) Normal jof truncates 
used 3 g |(all grades) 
6 normal from 3) 22 3 4 | 103 68 18.2 
7 II 7 Ij 32 39.2 
15 | 20 14 | 173 120 20.8 
9 N2,Né both from 3) 17 6 3 3 | 184 174 7.5 
10 NQ, NS “ 2 | 208 128 6 
20 3 5 | 168 125 12.0 
(C.) F, (from xX 
| Percentage 
Bottle No. Character of parents} Truncate Intermediate) Normal of truncates 
12 both from6 8 13| 54 42| 626 
13 43 | 13 10| 77 47.04 
14 NG, NS “ ae a2 | 23 22 | 158 172 23.0 
(D.) F, (from F, X F,) 
Percentage 
Bottle No. Character of parents Truncate Intermediate) Normal of truncates 
| used | 3 \(all grades) 
T,TS both from 12, 132(9&S)! 11(9&S)| 44(9&S)| 76.5 
16 “ “ “ “ 79 58 43 42 8 63.0 
17 “ “@e “ “ 32 17 I o | 112 (2&3 ) 30.9 
18 31| 4 5| 50 73 378 
19 “ “ew “ “ “ 404 ( Q &s ) 0.0 
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of the F, families, it was found (table 3(C)) that truncate had been con- 
siderably “weakened,” as only about 50 to 60 percent of truncates were 
now produced. Further selection, however, brought the extracted stock 
in later generations nearer to the value of the original selected stock. 
(An indication of this may be seen in table 3(D).) It was found that the 
percentage of truncates in F, and later generations of the cross tended 
to be higher if the P, truncate fly had been a femzle, than if the re- 
ciprocal P, cross had been made, and yet fair numbers of truncates of 
each sex were produced in both cases. All these vesults could be “ex- 
plained” as due to varying “potencies,” but this did not put the matter © 
on a factorial basis. 

Besides being crossed to wild-type, truncate was also crossed to va- 
rious mutant stocks, and counts were made of the F,, and of the F, 
derived from interbred F,. Here the same indefinite results were ob- 
tained, in respect to the truncate wing character, as in the crosses with 
wild, but in addition there was also observable an apparently indefinite 
sort of linkage between truncate and the other character, which appeared, 
curiously enough, regardless of the linkage group to which the other 
character belonged. As examples of such experiments, the results of 
some of the crosses with jaunty (group II), and with pink (group IIT), 
are given in tables 4 and 5 respectively. It will be seen that in the F, of 
the cross with pink, although some degree of linkage was clearly indi- 
cated, yet a surprisingly large proportion of pink truncates were pro- 
duced in certain bottles——more than could be accounted for by weak- 
ness of linkage and by the amount of dominance shown by truncate in F,. 


ANALYSIS OF THE EFFECTS OF THE DIFFERENT CHROMOSOMES IN TRUN- 
CATE STOCK ON THE TRUNCATE CHARACTER 


It was thus necessary to discover, first, whether truncate depended on 
definite factors, lying in the chromosomes, and, secondly, if this proved 
to be true, whether the continual genetic variation occurring in the stock 
was due to fluctuation in these factors, or to heterozygosis that for some 
reason was forced to persist in the stock. As it was evident that at any 
rate the results did not represent simple monohybrid ratios, a method 
was required whereby the different factors, or sets of factors, that might 
be concerned in producing truncate could be dissociated from each other 
and studied separately. This object was achieved by making use, in a 
special way, of the linkage relations which had been worked out in 
Drosophila. 
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Crosses of truncate by jaunty. 


TABLE 4 


Generation! Bottle Character | Straight-winged Jaunty-winged | Percentage 
of count | number| of parents {Truncate | Inter. |Normal*| (all normal*) TandI 
F, I jaunty | T | 120 141 68 
F, 2 jaunty, <4 | 7 19 14.3 
F, 3 T cad Me 4| 9 6| 6 38 15.4 
N N | | 
F, 4 fron | from I 2 I ris 63, 8 9 4.0 
| 
| 
N N | | | 
F, 5 from | from: 5 9 * o} @ wi 3 17 8.6 
I I 
I | | 
F, 6 from | from 21 10 8 3 19 643| 14 7 40.4 
I | | 
N N | y | | 
F, 7 from | from; 4 oO | 2 o|@ go| «1 4 9.2 
2 | 
| 
N N | 
F, 8 from | from | 33 4 9 I 72 113 4 7 12.7 
3 
Sum of F, | 44 25 22 5 | 269 328! 55 44 13.8 


to truncation. 


* The word “normal,” or “N,” in this and the following tables, means normal in respect 


It may be recalled that in Drosophila all the hereditary factors are 
divisible into four groups, corresponding to, or rather contained in, the 
four pairs of chromosomes, and that in the male all the factors within 
any one particular chromosome are inseparable from one another dur- 
ing segregation (no crossing over), so that every offspring which in- 
herits a single factor of that chromosome necessarily inherits also all the 
other factors which were in that particular chromosome. That is, all the 
factors lying within a given chromosome of a male have an identical 
distribution among his offspring. Thus it is only necessary to be able 
to observe the distribution, among the offspring, of a single easily rec- 
ognizable pair of characters from the male parent, in order to learn the 
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TABLE 5 
Crosses of truncate by pink. 
Red-eyed Pink-eyed 
era- |Bot-| Character | Percent 
tion | tle of Truncate |Intermediate} Normal T-+I | Truncate | Intermediate} Normal! 
of | No. parents | among | eneng 
count | 3 8 @ 8 | reds | |@ | pinks 
F, | I pink | T 4| 2 | 9 2 | 184| 227 4.0 | | 
2 pink | T 16 | 10 9 | 2 | 66) 196 | | - 
T  |pink an | | | 10r| 126 | 
F, 5 N N 7 © | 86 10.9 3 fe) 28 29 16.2 
from1 |from1 | | 
N 12 | 4 54| 48] 203 o| o 12} Oo 
| | from1 | from | 
I | 56 | 47 15.6 o| o | o | ax | 13 
| |from1| | | | 
N N 6} 2 2 | 101 | 105 4.6 oj o o | 14: 16 
from 2 | from2| 
" 9 | N N aie 1 =). 31458 | 108 14.2 o 0 I 2 33 | 40 4.0 
| | from 3 | from3_ | 
* N N | yi 75| 87 13.8 r| © 2 22; 25 6.0 
| from 4 | from 4) | | | | 
pe I I | 23| 13 io | II 38 | 41 41.9 o 
from 4 | from 4 | | 
I I 23 Ir | 12 301 435 $1 <3 5 | | 20] 32] 257 
| from 4 |from 4; | | | 
I | 82| 385 4 2 | wm! 13] 226 
| from4 |\from 4) | 
| I 4 18| 23| 47.5 1| I | 6! 
| from 4 |from | | 
‘Sum! of F, | | 166 | 100 | 60 | 63 | 627| 684) 232 | 15 | 4 15 | 10 | 175 | 201 10.4 
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distribution of all the factors lying in the corresponding pair of chromo- 
somes. This will tell nothing, however, about the distribution of the 
factors in the other three pairs of chromosomes, since the different pairs 
of chromosomes are distributed independently of one another to the 
offspring, and so there is opportunity for factors in different pairs of 
chromosomes, which may in previous generations have accompanied 
each other, to become dissociated from one another—i.e., transmitted to 
different offspring. Hence in order to know what was the distribution 
of all four pairs of chromosomes of a male parent among his offspring, 
it is necessary to have under observation the inheritance of four pairs of 
characters—one for each of the chromosome-pairs; each of these char- 
acters, then, will serve for the identification of an entire chromosome or 
group of factors in the offspring, and may be called an “identifying char- 
acter.”” So, by this method, it is possible to determine the distribution, 
among the offspring, of the entire constellation of factors which a male 
parent contained. The offspring will contain different combinations of 
his factors (assuming he was heterozygous), but in each case it will 
be known just what combination is present. The somatic effects of 
these different known combinations of factors on the offspring may then 
be studied, and. so it may be determined just what rdle each of the groups 
of factors plays in the production of any particular character that is 
under investigation. In this manner it was possible to ascertain what 
effect on the development of truncate wing each chromosome of the 
truncate fly produced. 

It should be noted, however, that the simplicity of such an experiment 
is impaired when the character under investigation (e.g. truncate) is re- 
cessive, for then the factors for it must be introduced from the female 
parent as well as from the male, in order that the character may be ob- 
servable in the offspring. The disadvantage of thus introducing the 
factors from the female parent is that in the female the factors for the 
character under investigation are liable to cross over from the identify- 
ing factors of the groups to which they belong, and it may therefore be 
impossible to tell, by means of one identifying factor in each chromo- 
some, exactly what combination of factors for the character the offspring 
studied have received.? It would accordingly be desirable to have the 
character dominant, in order that in the investigation the factors for it 

2If, however, an identifying factor at each end of the chromosomes is used, it may 
be assumed with a fair degree of probability that the offspring receiving both identify- 


ing factors have also received those factors for the character studied which lay be- 
tween them. 
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may be introduced from the male parent alone. In the case of truncate, 
this mode of procedure was rendered possible by a special circumstance. 

Ordinarily, truncate behaves most nearly like a recessive character, 
when truncates are crossed to wild-type flies, although a very small per- 
centage of F, showing some degree of truncation are almost always pro- 
duced. Examples of such crosses have been shown in table 3. Here 
the flies which have wings at all truncated have been classified, for 
greater accuracy, into two divisions—typical “truncates,” and “inter- 
mediates,’ and it will be seen that the number in the two classes is ap- 
proximately equal. The total proportion of truncates—including both 
grades—is 3.1 percent (in the crosses of truncate of the selected stock). 
When truncate was crossed to various other types of flies somewhat 
similar results were usually obtained, but when the cross was tried of 
truncate from the selected stock by flies with black body color, the out- 
come proved to be conspicucusly different, as shown in table 6. Here 
it will be seen that there are distinctly more typical truncates than inter- 
mediates, and the proportion of truncates of all grades appearing in 
this cross is also very much higher, being in fact 24.9 percent (in the 
cross of truncate males by black females), as compared with the pre- 
vious 3.1 percent (when truncate males were crossed to wild-type fe- 
males). The truncation of the two series of F, flies may be compared 
also by obtaining a figure which may be called the “average truncation” 
cf each group of individuals. The typical truncates may be assigned a 

TABLE 6 
Crosses of truncates by black. 


(A) F, from black 92 X truncate ¢ ¢ 


Bottle No. Truncate Intermediate Normal | Percentage of T and I 
35 0 II 13 90 116 22.3 
2 57 o | 2 18 113 162 | 26.6 
3 ss «| 12 149 | 25.0 
Sum a ee 43 | 324 427 | 24.9 


Average truncation among 9 9 1.33, among ¢ ¢@ .19, among all .79. 


(B) F, from truncate by black 


Truncate | Intermediate | Normal Percentage of T and I 


Average truncation among 9? 9, 1.52; among ¢ 6, 1.91; among all, 1.65. 
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grade of value of truncation of 4, in this calculation, the intermediates 
a value of 2, and the normals 0. Multiplying each of these values by the 
number of individuals having the value, adding, and then dividing by the 
total number of individuals, it is found that the average grade of trun- 
cation of the F, from black females by truncate males is .79, whereas 
the average grade of the F, in the cross of selected truncate with nor- 
re’ +s .10. This relatively high grade of truncation for the F, flies has 
hb 1 obtained consistently, in numerous and varied crosses of truncate 
with flies of black body color. Moreover, although there is still a con- 
siderable proportion of normals present among the F, even in these 
crosses, it will be shown later that “high grade” truncate is really al- 
most always dominant in individuals heterozygous for black. These re- 
sults with black were in themselves noteworthy, for here there seemed 
to be a type of interaction of factors hitherto not described, wherein two 
ron-allelomorphic factors, both ordinarily recessive, re-enforced each 
other so as to produce a visible effect in the individuals heterozygous for 
both, just as happens in crosses of multiple allelomorphs. It should be 
added that the black character, unlike the truncate character, was not 
affected by this interaction, and remained recessive. The facts were 
more important, however, in their bearing on the truncate case, for they 
disclosed a means whereby truncate might be used as a dominant char- 
acter, in the desired analysis. 

In order to simplify the account of the analysis, crosses are here 
reported in which only the three large groups of factors were fol- 
lowed,—the fourth chromosome, which was too small to be likely to con- 
tain factors for truncate, was followed, however, in other experiments, 
and proved not to be concerned in the case. The sexes were used as 
the pair of “identifying characters” for the first chromosome; black body 
color, b, versus B, the normal gray, for the second chromosome; and 
pink eye-color, p, versus P, the normal red, for the third chromosome. 
The procedure was as follows: A truncate female with normal body 
and eye colors was mated to a normal-winged male with black body and 
pink eyes. The F, males, the distribution of whose factors among the 
'F, flies was to be followed, had the following chromosome and factor 
composition, indicating the chromosomes by numerals and representing 
those derived from the truncate parent with asterisks, and the homolo- 
gous chromosomes, derived from the black pink parent, without aster- 
isks : 

INSP 
I Y II b Ill p 
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Inasmuch as these flies are heterozygous for black, it was to be ex- 
pected that truncate would behave as a dominant, at least partially, and 
the count designated as “cross 1” in table 7 confirms this expectation, for 
33.3 percent of the flies had somewhat truncated wings. It is not in 
this generation, however, but in the next, that the desired analytical 
results appear. 

One of these F, flies (a male) was back-crossed to homozygous black 
pink females of the composition 

ix ily 
Ix IIb IIIp 

in order to obtain offspring (F.,) having various known combinations of 
the chromosomes derived from truncate stock. As all these offspring 
(F,) alike received the non-dominant combination IX IIb IlIp from 
their homozygous mother, the circumstance of receiving I*X or IY, II*B 
or IIb, and III*P or IIIp from their heterozygous father determined 
whether their characters were female or male, gray or black, and red 
or pink, respectively. The visible characters accordingly revealed just 
what chromosomes of the truncate stock these flies had or had not re- 
ceived. Thus, the female gray red flies must have received from their 
father all of his truncate-derived chromosomes,—I*X, II*B, and III*P, 
—while the male black pink flies could not have received any of these 
chromosomes, but must have gotten the non-truncate combination IY 
IIb IIIp instead. Corresponding with these facts, we find that the for- 
mer flies (gray red females) are very largely truncate in wing shape, 
whereas all the latter (black pink males) have normal wings. These are 
the two extreme combinations; all the others received from the heterozy- 
gous father certain chromosomes derived from the truncate stock and 
others derived from the normal-winged (black pink) stock; a study of 
the amount of truncation shown by each of the different combinations 
may then reveal the rédle played by each chromosome in the production 
of the truncate character. 

The results of the cross are designated as “cross 3” in table 7. There 
are eight possible combinations of the three pairs of identifying charac- 
ters, and it will be seen that all of these combinations, or classes, ap- 
peared with about equal frequency, just as expected. In the case of 
each class the flies were further subdivided into four different grades, 
according to their wing shape. These grades (normal, “slight” inter- 
mediate, intermediate, and “truncate”) may be given average values of 
O, I, 2.5, and 4, respectively, to bring them into proper relationship with 
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the three grades previously used. The fact most obvious on examining 
the records of the different classes, with regard to their amount of trun- 
cation, is that all of the black flies have normal wings; i.e., none of the 
flies in any of the last four combinations, which failed to receive II*, 
shows any indication of the truncate character; on the other hand, some 
at least of the flies in each of the first four, gray classes—the classes that 
did receive II*—had wings with some degree of truncation. This 
proves that there is a factor (or factors) for truncate in II*, i.e., in the 
second chromosome. This factor (factors?) in heterozygous condition 
is sufficient “by itself” to cause truncation, even if none of the other 
chromosomes in the fly are derived from truncate stock, but if this fac- 
tor is not present, truncate cannot appear (at least, not as a dominant), 
even if one of the first and also one of the third chromosomes in the 
fly are derived from truncate stock. The factor for truncate in chro- 
mosome II is therefore the “chief” factor for truncate—being both 
necessary, and self-sufficient,® for the appearance of truncate (as a domi- 
nant). It may be designated as T,.’; its normal recessive allelomorph 
would then be #,’, and in our notation ft.’ may ordinarily be understood 
to exist in any formula of the second chromosome in which T,’ is not 
represented. 

T,’ is not the only factor for truncate whose existence is disclosed by 
this table. Comparison of the four classes which received T,’ (the gray 
classes) shows that truncate appeared in them with very different fre- 
quencies and intensities. It is evident that the red-eyed gray classes— 
those which contain III*P (the first two classes of the table)—contain 
more and better truncates than the corresponding pink-eyed gray classes 
—those having IIIp (the third and fourth classes of the table). The 
chromosome III* that came originally from truncate stock therefore 
contains a factor (or factors) for truncate also. This may be called 
T;’; like T,’ it is dominant, inasmuch as it may produce an effect when 
in heterozygous condition. Unlike T.’ however, it may be called a “modi- 
fier” or “intensifier” rather than a chief factor, for it can produce an 
effect on the wing only in the gray classes, which already contain II*B 
(T2’). 

It was then shown that even when an opportunity is given for it to 
exist in homozygous condition, T;’, without 7,’, is unable to cause trun- 
cation. This was done by crossing the males and females from the 
black-bodied, red-eyed classes, to each other ; the result is given in table 7, 
cross 5. The parent flies must all lack T,’ but are heterozygous for T,’. 

3 Within the limits of the experiment. 
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Among the offspring, therefore, one-fourth should be homozygous for 
T;’, yet none of the flies had truncate wings. Three had a very slight 
unevenness of margin that approached the condition seen in slight inter- 
mediates, but this did not seem to be transmitted to their offspring. T7;’, 
then, has practically no effect on the wing except in the presence of TY’. 
Moreover, 73’ is not really necessary for the production of truncation, 
since some of the pink flies of the main experiment—flies that carried 
T.’ but could not have received T;’/—are truncate, although of course 
truncation in them is not so frequent nor so intense as when T,’ is pres- 
ent. T,’ thus fulfills the definition of an intensifier. 

In a manner similar to that in which T;’ was deduced, we may also 
infer the existence of at least one intensifier, T,’, in the first chromosome 
(1*X) derived from the truncate stock. For the tables show that the 
female classes—i.e., the flies with I*X—contain a much larger propor- 


TABLE 7 


Crosses to determine the effects of the different chromosomes of selected 
truncate stock. 


(A) Initial crosses of truncate by black pink 


eric endear Wate of Gray red | Gray pink | Black red | Black pink 
of of cross parents 
9 Ti Tiss 
I I Several 3 8 18 
F, T bp oe. 
from | from 
stock | stock 
° 2 Several 3 13 10 39 
bp I 12 56 
from | from 
stock | stock 
(B) Back-crosses to separate the effects of the chromosomes 
Several 57 23 0 7| 28 664 |jo00 74] 000 8 
F, 3 bp 21712 47| 14 462 |000 67| 00073 
fram from 
stock I | 
4 I Several | 211 6| 13 4 |020 000 9 
| @F 2] OF FC 608 
from from 
I stock | 
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TABLE 7 (continued) 
(C) Crosses of derivatives of the separation cross 


Gray red | Gray pink | Black red | Black pink 
parents SN|TISNITISN|TISN 
count g 3 | 
F, Several |Several | 121 | 000 36 
black | black 000 127 | 000 38 
red red 
N N 
from 3 | from 3 | 
6 4 6 51143 og2|111 55 | 00045 
gray | black 42 36 |00 I O01 44 
pink red 
(2S&2N)| N 
from 3 | from 3 | 
7 4 1 | 5 11 14 22 }03 139|000 49 | 00047 
black | gray | 2 811 31 |12 847/000 46|]00049 
red pink 
N S 
from 3 | from 3 | 
Sh 4 I 81411 9 |01 037/000 54 | 000 29 
black | gray | 5 6 814 113 130/000 17|;0002% 
pink red 
N | 
from 3| from3 | 
9 2 Several | 3 511 04 945|412 03555 
gray bp 512 943 |931455|342 76| 01444 
red from 
I stock 
from 3 


Females are recorded on the upper line, males on the lower, in the case of each 
cross. T = truncate, I = intermediate, S = “slight-intermediate,’” N = normal- 
winged; in section (A), both I and S have been grouped under I. 


tion of truncates, and are more intensely truncated, than the correspond- 
ing male classes, provided of course that II*B (T,’) is present. 

It might be objected here, however, that in the case of the sex chro- 
mosome the difference between the truncation of the males and females 
may not be due to an intensifier present in I*X and absent in LX, but 
that it may be due rather to sex difference, depending on the XX con- 
dition of the female and the XY condition of the male. This possi- 
bility was tested out by making reciprocal crosses of truncate to non- 
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truncate flies. As will be seen from tables 4, 5, 6, and 7, the male off- 
spring are distinctly more truncated (in comparison with their hetero- 
zygous sisters), when they have truncate mothers than when they have 
truncate fathers. In table 6, for instance, there was an average grade of 
truncation of .1g among the male offspring of truncate males, whereas 
the male offspring of the truncate female had a grade of 1.91—ten times 
as high. The daughters were not very different in the two crosses, being 
1.33 in the first, and 1.52 in the second. The sons must therefore be 
able to receive a factor, or factors, for truncate from their mother, which 
they cannot receive from their father,—that is, there are one or more 
dominant factors for truncate that obey the scheme of sex-linked in- 
heritance. There must consequently be one or more intensifiers, T,’, in 
chromosome I* ; the symbol of the normal allelomorph, ¢,’, will ordinarily 
not be represented, but its presence may be taken for granted in all X 
chromosomes in which 7,’ is not shown. Ty’, like T,’, cannot cause 
truncation, even in homozygous condition, unless T,’ is present. 

In the crosses in which the female parent was truncate the male off- 
spring were nearly always somewhat more truncated than the female, 
because the males are haploid for sex-linked factors and therefore ap- 
pear like homozygotes, whereas the females contain factors from both 
parents and show some effect of the normal allelomorph received from 
the father. T,’, in other words, is not a completely dominant factor. 

Among flies which are homozygous in regard to the sex-linked fac- 
tors, on the other hand, no matter whether they are pure for the intensi- 
fier, or for its normal allelomorph, the males are on the average less 
truncated than the females. This effect is especially evident where the 
normal allelomorph of 7,’ is present and is clearly shown in tables 9 and 
10 (to be discussed later in another connection), wherein the males and 
females are both lacking in 7,’ throughout, and are like each other so far 
as all non-sex-linked factors are concerned. In these crosses the female 
parents were non-truncated and the male parents were heterozygous for 
T’ and T;’, but lacked 7,’ (having resulted from a cross of truncate 
male by non-truncate female). In table 9 (A) and (B), for example, it 
is easily observable that there is a great preponderance of females among 
the truncate and “good-intermediate” offspring; the intermediate class 
has about equal numbers of females and males, and the slight-interme- 
diate and normal classes contain almost exclusively males. The grade 
of truncation among the 914 females in these two tables averages 3.2, 
whereas that among the 864 males averages 1.6. In table 10, the average 
grade of truncation in the 535 females is 3.1, that in the 517 males is 1.3. 
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We may say, then, that the character truncate is partially sex-limited, 
or rather, se+-influenced, its development being favored more in the fe- 
male sex than in the male. Or, to put the matter in factorial terms, the 
sex-factor itself, or some factor normally lying in the sex chromosome, 
intensifies the development of truncate, to a degree depending upon 
whether this factor is present in one “dose” or two, just as is the case 
with sex itself. This fact has nothing to do with the existence of a 
mutant intensifier, 7,’, in the same chromosome. 

After truncate had thus been analyzed into its chromosomal compo- 
nents, it was demonstrated that it could also be resynthesized by breeding 
together individuals of non-truncated or imperfectly truncated classes 
(gray pink females, black red males, etc.),—classes which, according to 
the analysis, should contain “complementary” components. Thus, the 
gray pink females should contain 7,’ and T,’, and the black red males 
just T;’. By breeding them together, then, as good truncates should be 
obtained as were found among the gray reds, in fact, the count should be 
rather similar to that obtained from the heterozygous gray red females by 
black pink males, except that here there is a chance for crossing over 
between black and truncate. The count, designated as cross 6, table 7, 
is quite according to this expectation. It will be noted here that the male 
parent had been normal-winged, and the females were only slight inter- 
mediates or normal (not possessing 7,’) ; the knowledge of what results 
would be produced with respect to truncate was thus entirely derived 
from the identifying factors. Another, somewhat similar cross, was of 
black red (long) females by a gray pink (slight-intermediate) male. 
Here the male has T,’ and 7..’, and the female T;’. The count is shown on 
line 7 of table 7, and again shows the high-grade gray red truncates. 
Black pink females derived from the main experiment, and therefore 
containing T,’, were likewise crossed to one of their complementary 
brothers, a gray red male (7.’7;’). The count, on line 8 of the same 
table, shows typical truncates, as before. 

These results are all in striking contrast to those of other crosses, in 
which the parental classes (derived from the same cross as those above) 
did not supply complementary elements; compare, for example, the case 
where black reds were crossed to each othey (table 7, cross 5), with the 
crosses above. Crosses involving still other combinations of these classes 
will be presented later. In each case, the results conformed to the ex- 
pectation based on the analytical findings. 

Let us now return to the three crosses of “complementaries,” for we 
shall find that closer scrutiny of them will give us some further informa- 
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tion regarding the nature of the accessory factors for truncate. Crosses 
number six and eight, besides illustrating the reconstruction of trun- 
cate, provide an indication of whether the component designated as 
T.’ consists of a single factor, or a group of factors for truncate lying 
in the second chromosome. For, if 7.’ is of multiple composition, a dis- 
tinctly lower grade of truncate would be produced in cross six than 
in cross eight, since in the former cross 7.’ is supplied to the offspring by 
their heterozygous mother, in which the process of crossing over would 
allow these supposed constituent factors of T,’ to become separated and 
scattered among different offspring, wheras in the latter cross T;’ comes 
from the father, and so its various factors would have to stay together 
(no crossing over), and re-enforce each other in the offspring, thus pro- 
ducing truncates of a higher grade than the average of the first cross. 
On the other hand, if T.’ is just a single factor, the truncates in the 
two crosses will of course be of the same grade. A test for T,’ alone 
is involved here, as the two crosses were identical (not reciprocal) so 
far as the chromosomes other than II were concerned, the cross six be- 


ing female 44 male, and the cross eight 
being female byy male. When the aver- 


ages were calculated, it was found that the average truncation of the red 
truncated offspring (including all grades showing truncation) in cross six 
was 2.34 and that the average in cross eight was almost exactly the same, 
2.33. Blacks and grays are both included in the average, since, on 
account of crossing over between black and 7.’ in the third cross, the 
truncates are distributed among both black and gray classes. Taking 
all the truncated offspring,—black and gray, red and pink,—it is 2.26 
in cross six and 2.34 in cross eight, a difference that is scarcely sig- 
nificant. These results then, indicate that 7,’ is a single factor. 

In a similar manner, comparison of crosses seven and eight give data 
regarding the composition of 7;’, for in cross seven there is a chance of 
crossing over between the possible constituents of 7;’, since T;’ is sup- 
plied by the female, whereas in cross eight T;’ comes from the male. 
while the crosses are identical so far as the other chromosomes are con- 
cerned. The grade of truncation of the red flies in cross seven was 1.97, 
and of all flies in that cross, 1.91. These rather low figures incompari- 
son with values 2.33 and 2.34, that we have seen were obtained in cross 
eight, thus indicate that 7,’ consists of more than one intensifying 
factor in the third chromosome. Other evidence for this was obtained in 
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later crosses, when it was found possible to obtain, by crossing over, 
stocks of pink truncate which there was reason to believe contained an 
intensifier in the third chromosome, that was not as marked in its effect 
as the original T,’. 

From the various experiments reported above, it is evident that trun- 
cate is a character that is particularly susceptible to modification by vari- 
ous factors, such as T,’, T.’, T;’, and “sex” (in the sense previously ex- 
plained). Even the symbols 7,’, T:’, Ts’, moreover, probably do not 
represent separately all the mutant factors for truncate that exist in 
truncate stock, since, as has just been shown, it is likely that T;’ at least 
is composite. And, in addition to such specific factors for truncate, and 
sex, it should be remembered that there are mutant factors concerned 
with the development of other characters, which influence truncate at 
the same time. Thus, we have seen that the factor for black body-color 
must be regarded as an intensifier of truncate, as truly as Ty’ or Ty’. 
There is evidence that a number of other previously known factors be- 
have somewhat similarly. For instance, when a truncate male was 
placed in a bottle containing at the same time both a virgin bar-eyed 
female and two virgin round-eyed females (all non-truncate), the bar- 
eyed offspring that hatched in this bottle (bar is a dominant) were dis- 
tinctly more truncated than the round-eyed offspring. As the environ- 
ments of the two sets of offspring must have been exactly the same, the 
factor for bar, or some factor in the bar stock, must be a dominant 
intensifier of truncate. This result is shown in table 8. The average 
truncation of the bar offspring was 1.44, that of the rounds was o.* 


TaBLe 8 


Cross of a single truncate male (selected stock) by various females in a single bottle. 
One female parent bar (dominant, sex-linked), one vermilion miniature (re- 
cessive, sex-linked), one wild type; all three normal-winged. Count of F.. 


Females Males 


| Vermili 
Normal-eyed Bar-eyed Normal-eyed Bar-eyed 


000 73 43228){000 6 | 1 4 2 45 | © © O 2 


4It may be added that in this experiment one of the round-eyed females had been a 
vermilion-eyed miniature-winged fly (v m), and this female left offspring as well as 
the other female, as shown by the presence of some v m sons (v and m are sex- 


linked), yet these two mutant factors, unlike bar, failed to intensify the truncate char- 
acter. 
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A somewhat similar experiment was performed with the dominant 
factor for star eyes (star is in chromosome II). Heterozygous star fe- 
males were crossed to truncate males (of a rather low-grade pink trun- 
cate stock containing that part of T;’ which had crossed over with pink). 
The count of non-star offspring was 100 normal males, 80 normal fe- 
males, no truncates of any grade; the count of stars was: males, 69 
normal-winged, 27 slight intermediate, 12 intermediate, 1 truncate; fe- 
males, 103 normals, 36 slight intermediate, 25 intermediate, 16 truncate. 


TESTS OF THE CONSTANCY OF THE FACTORS FOR TRUNCATE 
a. Tests of sibs 


Although it had thus been established that truncate is certainly a com- 
plex case of multiple factors, nevertheless this alone did not seem to 
explain satisfactorily the final failure of the persistent effort that had 
been made to secure homozygous stock. For, in an animal in which all 
the factors are linked into only four groups, it should not have taken so 
very many generations to secure complete homozygosis, no matter how 
many factors had been in heterozygous condition at the start. It there- 
fore seemed important next to obtain a method of investigation in which 
the effects on truncate due to the segregation of the multiple heterozy- 
gous factors that had been found should be recognizable, and could be 
eliminated from consideration, so that it could be determined whether or 
not there was any residuum of genetic variability in this character, due 
to actual fluctuations in the genes themselves. It seemed possible to 
carry out this mode of attack by a continuation of the previous main 
experiment, reported on pages I1 to 15 (table 7(B) ), wherein the various 
factors had been followed out according to their chromosomes. The 
“residuum of variation,” if there were any, should appear among the 
different males or females contained within any one of the separate eye- 
color body-color classes shown in table 7, cross 3. 

The gray red males, for example, should, according to the accepted 
scheme of inheritance in Drosophila, all have contained identical fac- 
tors for truncate, for all alike had received, without crossing over, cor- 
responding truncate-bearing second and third chromosomes from the 

, , 
same heterozygous male parent. Their composition was ee i 
as already noted. Yet, as we have seen, some of these males appeared 
truncate, others intermediate, and others normal. If, then, these differ- 
ences between them were really genetic, the factors for truncate, having 
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been transmitted similarly to all of them, must have been subject to in- 
trinsic variation. In order to determine whether the differences were 
genetic, the gray red males of various wing shapes needed merely to be 
bred to black pink females from stock; counts of the number of trun- 
cates of different grades among the offspring of the separate males would 
then reveal whether their character differences had a genetic basis. 

The advantages of using the gray red males rather than the gray red 
temales for the testing are threefold :—(1) a larger number of offspring 
can be obtained from individual males than from individual females; 
(2) when males are tested, since there is no crossing over between the - 
factors for truncate and the “identifying factors,” gray and red, the off- 
spring which are gray and red like their parents furnish an ideal test of 
the truncate which was present in the original gray red parents, and only 
this class of offspring need be examined for this purpose; if female flies 
are tested, on the other hand, their factors for truncate become scat- 
tered more or less indiscriminately amongst all the different classes of 
offspring, because of crossing over. (Compare the distribution of trun- 
cate among the offspring recorded in table 7, cross 9, representing the 
tests of heterozygous gray red females, with the distribution among the 
offspring of heterozygous gray red males, shown in table 7, cross 8) ; 
(3) when males are tested, these gray red offspring, being descended 
substantially without recombination from their gray red fathers, may 
be used again for similar tests in the next generation. 

Tests were therefore made of gray red males derived from crosses 
similar to that shown in table 7, cross 3. The results of these tests are 
shown in table 9, (A) and (B), the count from each male being shown on 
a separate line. Only those offspring of the tested males which, like the 
latter, are gray red, are recorded, for the reason explained in (2) of the 
paragraph above; the gray pinks, etc., appeared as expected, however. 
Table 9 (A) represents tests of males which we may call group A; these 
all derived their truncate-bearing chromosomes from the same heterozy- 

Y T’°.B T’;P 
gous — 


in truncation, if factors are constant. Table 9 (B)—group B—represents 
tests of males derived from a different father from that of group A; 
they may therefore be different from group A genetically. They should, 
however, be like one another, as they too are brothers to each other, and 


Y TYB TP 
were derived from a single “7 a 


father; they should therefore be genetically identical 


father. 
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It will be seen, on comparing the results of the tests of the different 
brothers, either in group A or group B, that although there was a cer- 
tain amount of “chance’’ variation in the proportion of truncates pro- 
duced by the different males, nevertheless this variation was entirely un- 
correlated with the grades of truncation in the wings of the male parents 
themselves. Thus, in group A, the four truncate-appearing males pro- 
duced families with the following average amounts of truncation: 2.0, 
2.2, 2.4, 2.6; the final average for the offspring of tHe truncate males 
therefore is 2.3+. In the same group (A), the 3 “good intermediates” 
produced averages of 1.8, 2.5, and 2.8, respectively, which gives a final 
average of 2.5-+; the intermediates produced 2.15, 2.25, 2.4, 2.4, final 
average 2.3; the 2 very slight intermediates and one normal gave 2.15, 
2.47, 2.5, final average 2.4—. In group B a similar situation exists, the 
families of the 2 truncates and 1 good intermediate together averaging 
2.5—, those of the 3 intermediates also averaging 2.5—, and those of the 
2 slight intermediates and 2 normals together averaging 2.7. It is here 
evident that the variation between the families is entirely an individual 
matter, not connected with the class of wing shape to which the parent 
belongs. For there is much greater variation between the families within 
each parental class than between the average values for the different 
classes. In no case do the latter values (within either group A or B) 
differ by as much as 0.3 grade, in spite of the fact that the parents them- 
selves, of these various classes, present average differences ranging from 
1.0 grade (in the minimum cases) to 4.0 grades (in the maximum). 
Moreover, those slight differences which do exist between the offspring 
averages have absolutely no tendency to be of the same sign as the pa- 
rental differences. It must therefore be concluded that, so far as these 
tests can show, the gray red brothers which were tested had been alike 
genetically; the relatively slight deviations in truncation, between their 
families of offspring, were not of genetic origin, since they were in no 
way connected with the variations in truncation between the brothers 
themselves. 

Besides the above tests of males, similar but less extensive tests of sis- 
ter gray red females were also carried on, which had a composition simi- 
lar to that of the males, but contained in addition heterozygous Ty’. 
These tests yielded results identical in kind with those of the males, ex- 
cept that the counts were smaller, and less critical in nature, as explained 
on p. 21. In these tests too there was a conspicuous lack of correlation 
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TABLE 9 
¥ Tf 
Tests of brother gray red males (— —— ) by black pink females. 


All tested males within a single group (A or B) are derived from a single father 
of same type as themselves by black pink mother. Only their gray red offspring are re- 
corded; the numbers not in parenthesis give the total males and females, those in 
parenthesis give the females. 

(A) (Group A) 


Grade of Average | 
truncation of | grade of | Good | Slight 
tested male | truncation | Truncate intermediate Intermediate intermediate} Normal 
parent of offspring | 
4 (truncate).. .| 2.0 20(20) | 9(9) | 32(13) | 41(0) | 2(0) 
4 (truncate) ...| 2.2 22(21) | 11(9) | 22(9) 32(1) 1(0) 
4 (truncate)...) 2.4 12(12) | 8(8) | 6(4) 15(0) | 
4 (truncate).. 2.6 51 (49) 24(16) 56(12) 33 (0) o(o) 
Total of trun- | | | 
cates (4).... 2.34 | 105(102) | 52(42) | 116(38) | 121(1) 3(0) 
3 (good inter- 
mediate ..... 18 s(5) | 6(6) 17(11) | 20(1) 2(0) 
3 (good inter- 
mediate ..... 2.5 10(8) 18(4) | 16(0) o(0) 
3 (good inter- | | 
mediate ..... 28 52(45) | 26(17) | 50(9) | a1 (o) | e(o) 
Total of good | | 
intermediate (3) 2.53 74(65) | 42(31) 94(23) | 4701) -2(0) 
2(intermediate), 2.15 14(14) 6(5) | 24(14) 22(0) 1(0) 
2(intermediate ) 2.25 20(15) 5(4) | 16(12) 28(0) o(0) 
2(intermediate) 2.4 20(20) 11 (10) 34(17) 17(1) | ofo0) 
2(intermediate) 2.4 25(24) | m(8) 17(9) 2(0) 
Total interme- 
diates (2).... 2.30 79(73) 33(27) or(52) | 95(1) 3(0) 
05 (very slight | | 
intermediate) 2.15 14(14) 7(7) 25(11) 19(1) 3(0) 
0.5 (very slight 
intermediate) 25 | 209(22) | 18(15) 50(25) | 20(0) 0(0) 
0.0 (normal)... 25 | 15(15) 9(7) 15(3) 3(0) 
Total of slight | 
intermediate 
and normal 
(0.3) 238 | 58(51) | 34(20) | 90(39) 48(1) 6(0) 
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TABLE 9 (continued) 


(B) (Group B) 


Grade of Average 
truncation of | grade of Good Slight 
tested male | truncation | Truncate jintermediate|/Intermediatejiintermediate| Normal 
parent offspring 

4 (truncate)... 2.5 26 (22) 12(10) 31(15) 21(0) 0(0) 
4 (truncate)... 2.5 6(6) 2(2) 11(9) 3(0) 0(0) 
3 (good inter- 

mediate)..... 2.4 29(23) 12(5) 32(17) 23(0) 3(0) 
Total truncate 

and good in- 

termed 

| 2.45 61 (51) 26(17) 74(41) 47(0) 3(0) 
2(intermediate) 2.3 4(4) 1(1) 7(4) 4(0) 0(0) 
2(intermediate ) 2.4 24(24) 14(12) 28(15) 19(0) 3(0) 
2(intermediate)| 2.5 23 (23) 13(11) 36(6) 14(1) 0(0) 
Total (interme- | 

diate (2.)... 2.46 51(51) 28 (24) 71(25) 37(1) 3(0) 
1 (slight inter- 

mediate) .... 2.1 4(4) 2(2) ; 8(3) 0(0) 
1 (slight inter- | 

mediate) .. 2.55 12(12) 8(7) | 10(5) 10(0) 0(0) 
© (normal).... 2.9 18(18) 8(7) 13(3) 4(0) 0(o) 
© (normal).... 3.0 21(14) 3(2) | 8(2) 7(1) 0(0) 
Total slight and| | 

normal (0.5). 2.71 55 (48) 21(18) | 39(18) 29(4) 0(0) 


between the grades of the parents and those of the offspring,—the trun- 
cate females (grade 4) yielded an average offspring grade of 2.3—, 
among their 147 gray red offspring; their normal sisters (grade 0) 
yielded a grade of 2.24, among their 107 gray red offspring. 

On the basis of the various tests of sibs, then, the conclusion seemed 
practically inevitable that the variation in the truncate character, aside 
from that due to segregation of multiple heterozygous factors, is en- 
tirely “somatic,” and not due to fluctuations in the genes. 
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b. The “pure-line”’ experiment 


It was thought desirable to carry the tests of factor constancy fur- 
ther, however. For it might have been contended that the genetic vari- 
ations in any one generation may be rather small, and as such inappre- 
ciable, but that they would have a chance to become evident if allowed 
to accumulate through several generations of selection. A scheme of 
selection was therefore undertaken, with this question in view. The 
selection had to be carried on in such a way, however, as to exclude the 
possibility of effects due to recombination and the sorting out of those 
combinations that tended in the direction of selection. This is usually 
the insuperable difficulty in the way of significant selection experiments 
in sexually reproducing, cross-breeding organisms; it is the flaw which 
invalidated the early conclusions on hooded rats, for example, and other 
similar experiments, in so far as their bearing on the question of factor 
variability is concerned. What is needed in such an experiment is the 
prevention of effective recombination (recombination which might have 
an effect on the progress of the selection experiment). This is the es- 
sential feature in the pure-line idea of Johannsen. But it is not really 
necessary for this purpose that the organisms be homozygous and self- 
fertilizing, as in Johannsen’s definition of the pure line, or—what 
amounts to the same thing—that they be inbred until, according to the 
probability ratios worked out by JENNINGS, they have become homozy- 
gous. Neither is the only other alternative that they reproduce asexu- 
ally, as in the work of JENNINGs and of a number of other investigators. 
There is a third method of pure-line work, which we wish to present here, 
that may be used in cross-breeding organisms like Drosophila, in which 
all the linkage groups are known. This method consists in exposing to 
view completely, in one parent at least, the process of recombination, by 
making use of “identifying factors,” and then picking out, generation 
after generation, the same combination for selection.® 

This process is really, in essential principles, the one which has been 


5A useful, but not so efficient, modification of this is to carry on the plus and 
minus selection lines without reference to recombination, and then, at the end of the 
experiment, to “purify” the lines, or bring them to a common basis so far as modify- 
ing factors may be concerned, by means of crosses with a common stock containing the 
identifying factors. If there is any effect of selection still noticeable after the “puri- 
fication,” it must have been in the factor studied. This method is not so effective as 
that above, however, for the reason that it reduces the rigor of the selection with re- 
spect to possible variations in the factor under consideration, to have other variations, 
indistinguishable from these, occurring at the same time, which are due to recombina- 
tions of modifying factors. 
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already employed in the experiments just reported, where gray red flies 
having the same chromosome combinations were produced, and those 
with different grades of truncation were “selected” and bred, to find 
out whether they were genetically different. Here, however, the “selec- 
tion” was carried on through only one generation. But in the cases 
where the gray red parents were males, it was possible to continue the 
selection further. For in these cases the gray red male offspring re- 
ceived (without crossing over) precisely the same paternal combination 
as their fathers had contained, and so they could be used for similar test 
crosses with black pink females from the stock bottle. As the latter 
crosses likewise produce offspring of the same type, these may again be 
used, and so, generation after generation, the selection might be con- 
tinued indefinitely, by mating the gray red males to black pink females 
from stock. Such an experiment was accordingly undertaken with these 
flies. 

It will be desirable, before examining the results, first to analyze the 
conditions of this selection experiment a little more closely. The origi- 
nal gray red males, that were to be tested, contained the chromosome 
TB T,/P 

b 
Y, T./B, and T;’P chromosomes, without crossing over, to their gray red 
male offspring. The entire paternally derived equipment of the off- 
spring is therefore a direct and unalloyed continuation of the paternal 
side of their father, at least so far as the first three chromosomes are 
concerned. The maternally derived chromosomes of the offspring, on 
the other hand—the X-, b-, and p-containing chromosomes—are not 
descended from the similar chromosomes of the father, but are received 
directly from the black pink stock, which was used as female parent. 
Thus these maternal chromosomes in the offspring have a chance of be- 
ing slightly different from those which the gray red father contained, 
although they are really derived from the same black pink stock as those 
in the father. In the same way, when this cross is repeated in each gen- 
eration the same paternal Y, T.’ B, and T,’ P chromosomes are continu- 
ously handed down, but the X-, b-, and p-containing chromosomes of the 
father are always lost in the subsequent generation and a new lot of them 
is received from the black pink stock. It might at first sight appear as 
though this polygenetic origin of the maternal chromosomes might in- 
validate the pure-line experiment. However, all tests have indicated that 
the black pink stock is sensibly homozygous, so it is improbable that dif- 
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ferences in these maternal chromosomes would appreciably influence the 
characters of the offspring and thus interfere with the selection work. 
And much more important in this connection is the fact that since these 
chromosomes are discarded and renewed at random from the stock in 
each generation, any selection of factors in them (supposing factor dif- 
ferences do exist) can have no constant or cumulative effect on the prog- 
ress of the selection. Any final and sustained differences in the effects 
of selection, on lines differently selected, would hence have to be due to 
changes which took place in that part of the germ plasm that has been 
handed down continuously in the selected lines—namely, the Y, T.’ B,’ 
T;’ P chromosomes. 

The above conclusion, it should be noted, implies the assumption that 
there are no factor-differences for truncate, existing outside the three 
large chromosomes. For only the first three chromosomes are under 
watch in the present experiment, and while these are being handed down 

| without recombination, as in a pure line, it must be remembered that any 
heterozygous factors in the fourth chromosome or elsewhere (i.e., in 
the cytoplasm) would have a chance of being sorted out and so influenc- 
| ing the final result of selection. The fourth chromosome could have 
been watched in the same way as the first three by crossing the flies to 
bpb, stock instead of to bp, and always choosing the gray red straight- 
winged male offspring as parents. If this had been done (as it was, in 
fact, for one generation) the transmission of the entire chromosomal 
genetic complex would then have been exposed to view and under con- 
trol continuously. It was thought unnecessary to keep watch on the 
fourth chromosome, however, both because it is extremely small and 
also because, as has been previously mentioned, other tests had indi- 
cated there were no modifiers for truncate located there. It should, be- 
sides, be noted that such disregard of the fourth chromosome in the ex- 
periments could not invalidate the significance of a negative result. 
For, in case of a negative result (i.e., finding that there was no effect 
from selection), it would be proved, not only, (1) that all factors for 
truncate that had been included in the pure-line system (i.e., those lo- 
cated in the first three chromosomes, that had not been permitted to 
undergo recombination) had remained sensibly constant, but also, (2) 
that no factor-differences affecting truncate had existed outside this 
system,—in loci that had been allowed to undergo recombination. For 
if the latter factor-differences had existed, selection would have been 
effective by sorting them out. The same conclusion would apply both to 
factors in the fourth chromosome and to any supposititious factors (fac- 
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tor-differences) affecting truncate, that might be imagined to exist out- 
side any of the four accepted chromosomes or linkage groups of Drosoph- 
ila—that is, a negative result of the selection experiment would prove 
them non-existent. 

The selection experiment was carried out in two lines—a “minus” or 
“low” line, and a “plus” or “high” line. The two lines were of course 
both derived from the same gray red ancestral male of composition 

b 

is shown in table 10 (A), which gives as usual, only the gray red offspring 
of the cross. The average grade of truncation of these flies was 2.3++. 
One of the slight-intermediate males of this family was then chosen as 
the start of the low line, and one of the truncates for the high line, each 
being crossed to black pink females, according to the scheme explained 
above. The low line was then carried through twelve generations of 
selection, in each of which several gray red males showing the nearest 
approach to normal wings were chosen for parentage, and bred in sepa- 
rate bottles with black pink females from stock. In cases where there 
were conspicuous differences in truncation, between the families pro- 
duced by these several males, that family giving the lowest grade of gray 
red male offspring was used to furnish the male parents of the next gen- 
eration. The condition of this line after twelve generations of “minus 
selection” is shown in table 10 (B), which gives the distribution of trun- 
cation among the gray red offspring of the seven least-truncated males of 
this generation. It will be seen that the average grade of truncation for 
all these families together is 2.2-++. The extremely slight difference from 
the original value, 2.3, is in the direction of selection, but in view of the 
much larger differences between families of the same line and genera- 
tion, this figure must be considered as in extremely close agreement with 
the first finding. 

The high line was carried on for thirteen generations. The method 
used was the same as in the other line, but of course the gray red males 
selected in this case were always of the highest grade of truncation avail- 
able, instead of the lowest. It was found, as was to be expected, that 
in many cases no really high grade males were produced which could 
be used as parents in this line, owing to the sex-limitation of truncate 
and the fact that T,’ was not present; nevertheless the males chosen rep- 
resented the highest grade of truncate that was being produced, and 
averaged about a grade higher than the males used as parents in the low 
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TABLE 10 
Results of selection in the absence of recombination. 
Only gray red offspring are recorded; total males and females not in parentheses, fe- 
males in parentheses. 


778 
(A) Count from first cross of single gray red truncate male by 
black pink females, from which the two selection lines were derived. 
Truncate | Good inter- Inter- Slight inter- | Normal | Total Average 
mediate mediate mediate truncation 
11(9) 5(5) 25 (12) 10(0) 0(0) 5 | 2.33 


(B) Counts from similar crosses of males of the “low line” after twelve generations of 
“minus selection.” 


Grade of Good Slight | Average 
tested male Truncate | inter- Inter- inter- | Normal! Total | trunca- 
parent mediate | mediate | mediate tion 
o (normal) 28(28) | 37(37) | 30(28) | 43(3) | 27(0) | 165 2.0 


1 (slight intermediate) 29(29) 27 (26) 32(15) 52(0) 16(0) 156 2.0 
1 (slight intermediate) 23(23) | 5(5) 20(6) 36(1) 0(0) 84 2.2 
1 (slight intermediate) 26(25) | 22(21) 32(10) 25(0) o(o) 105 25 


1 (slight intermediate) 12(12) 5(4) 11(0) 7(0) 0(0) 35 2.6 

1 (slight intermediate) 17(16) 5(5) 4(1) 10(0) o(0) 36 28 

1 (slight intermediate) 10(9) 3(3) 8(3) 3(0) | (0) 24 28 
Total 145(142) | 104(101) | 137(63) | 176(4) | 43(0) 605 2.22 


(C) Counts from similar crosses of males of the “high line” after thirteen generations of 
“plus selection.” 


Grade of Good Slight | Average 
tested male Truncate | inter- Inter- inter- | Normal| Total| trunca- 
parents mediate mediate |mediate tion 
2 (intermediate) 9(9)  7(6) ~ 30(18) 21(1) 1(0) 68 2.0 
2 (intermediate) 8(7) 28 (26) 49(24) 23(1) 0(0) 108 2.2 
2 (intermediate) 19(15) 22(17) 45(19) 40(2) 0(0) 126 2.2 
2 (intermediate) 14(14) 27 (25) 25(13) 28(2) 0(0) 04 2.3 
Total ay 84(74) 149(74) \112(6) | 1(0) | 396 | 248 


line. The condition of this line in the last generation, after thirteen gen- 
erations of “plus selection,” is shown in table 10 (C). Here there is close 
agreement between the grades of truncation in the different families, 
and the average of all turns out to be 2.2—. There is absolutely no 
genetic difference, then, between this line and the low line, in spite of a 


dozen generations of divergent selection. Neither of them, moreover, 
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departs significantly from the original value. This same agreement in 
genetic behavior was shown moreover not only in the final generations 
of the two lines, but throughout their entire history. We must accord- 
ingly draw the conclusion that the truncate character, usually so plastic 
and so very responsive to the touch of selection both in crosses and in in- 
bred stock, and capable as it is of existing in all degrees of “potency,” 
nevertheless remains absolutely unaltered by selection when all recom- 
binations of its multiple heterozygous factors is rigidly prevented, in a 
form of pure-line experiment which enables the distribution of practically 
the entire chromosomal germ splasm to be placed under observation. In 
other words, the actual factors or genes for truncate, lying in the chro- 
mosomes, each had a definite value, and remained constant. The experi- 
ment at the same time demonstrates that no inheritance other than 
chromosomal is taking place, even in the case of a character genetically 
so complex and so elusive as truncate. That its inheritance was entirely 
confined to the chromosomal linkage groups—in this case, indeed, to the 
first three chromosomes—is proved by the fact that there were no 
hereditary modifications of the character possible, so long as only these 
chromosomal contributions remained the same. 

Thirdly, the experiment disposes of the supposition, which certain 
geneticists might have advanced, that the factors for truncate may in 
heterozygous individuals be weakened, or undergo contamination by their 
normal allelomorphs. For here the truncate factors of both lines were 
kept heterozygous for twelve generations without their value or “po- 
tency” being affected. 


THE CAUSE OF THE INCONSTANCY OF TRUNCATE STOCK 


a. Proof of the viability and non-sterility of flies homozygous for the 
intensifiers 


The question still remained unanswered, then, why had all the at- 
tempts to obtain genetically constant truncate stock ended in failure. 
Since the factors themselves were constant, and the stocks were incon- 
stant, genetically, it followed that all the stocks must be, for some rea- 
son, heterozygous in one or more of the factors for truncate. This means 
that the homozygote, of one sex at least, must be either: sterile, or non- 
viable, or else incapable of being formed at all. It was evident, how- 
ever that this condition did not apply to all the factors for truncate, 
otherwise it would be possible, by out-crossing to normal, to obtain 
heterozygous truncates that were somatically and genetically of as high 
a grade of truncation as the best truncate flies of the stock bottle. Nearly 
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all the truncates resulting from out-crosses were, on the contrary, of con- 
spicuously lower grade than their truncate parents. And it could be 
shown, more specifically, that the factor T,’ was not subject to this limita- 
tion. For, in the first place, 7,’ could exist in fertile truncate males. 
This had been proved by the reciprocal crosses considered on p. 15 and 
16. And as males which carry a given sex-linked factor in their single 
X chromosome are usually of a similar type, somatically, to the females 
homozygous for that factor, it was fairly certain that the females homo- 
zygous for 7,’ were viable also. It was less certain that they were fer-. 
tile, on account of the difference between the reproductive systems of 
male and female. The viability and fertility of females homozygous for 
T,’ were, however, independently proved by the fact that the daughters 
of the out-crossed truncate females were, on the average, just as fre- 
quently truncate, and of just as high a grade of truncate as the daughters 
out of the out-crossed truncate males (see page 16, and table 6). 
The males necessarily transmitted 7,’ to all of their daughters; the fe- 
males therefore must have done the same, and so must have been homo- 
zygous for T,’. 

It was also clear that not only 7,’ but in addition either T.’ or T,’ (or, 
if they be compound, then one or more of the factors contained in 
them) could exist with some degree of fertility in homozygous condi- 
tion. For the truncate or intermediate 7,’ males derived from out- 
crosses of truncate females were usually of much lower grade than the 
truncate males of truncate stock. Since both alike might possess T,’ 
in their single X chromosome these differences in truncation were evi- 
dently due to the heterozygosis of the F, males in respect to some non- 
sex-linked factors (7,’ or T;’ or some component of them), for which 
the stock males were homozygous. 

Crosses were then made to secure evidence, in the case of the two latter 
factors, as to whether or not they could exist in homozygous condition. 
For this purpose recourse was again had to crosses of single heterozy- 
Ti8 

b 
males. One of these crosses is shown in table 11( A) ; it is identical in na- 
ture with that of table 7, cross 3. From the offspring of this cross, 
flies were chosen for five parallel crosses, the results of which were to 
be compared. 

The first three of these crosses were concerned with the question of 
homozygosis in respect to T;’.. The first cross was of a slight-inter- 


gous gray red males by stock black pink fe- 
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TABLE II 


Crosses to test the possibility of securing homozygous Ty’ and Ty’. 
(A) Preliminary back-cross of heterozygous truncate male to black pink stock 


Nature of parents my Gray red Gray pink Black red | Black pink 
é e I are © & We 
2 Ti Ti B T,' P % 9 6 3 18 38 47 48 
b Pp bp (0) (4) (16) (3) (3) (17) (21) (23) 
Black pink Gray red 
long truncate 
. (B) Crosses of flies derived from (A) 
sh 
I s NIT I § wris N 
Tbe | 10 1 3 8 14 19 40 41 
b ? (6) (11) (©) (4) (10) (6) (22) (23) 
os Black pink | Gray red 
long slight 
teers (2) (tr) (6) (7) (13) (11) (14) (20) 
ie Black red Gray pink 
long long 
im 7 4 24 7 
Black red Gray red 
4 long slight 
T/B TP 4 @ 3 7 | 17 
(3) (1) (2) (4) (3); (1) (5) (8) 
‘4 Gray pink | Black red 
slight long 
4 T; T/B p| T/BT/P |t § 8 4 7 16 2 
bp. () () (©) () (8) (1) (3) 
A Gray pink Gray red 
long | slight 


A 


(The number of males is given in parenthesis under the number of flies of both sexes.) 


mediate gray red male (composition ~ Lit fH aN by one of its 


: black pink sisters a= = _ derived from the same bottle. This 


| 
. 
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cross is of the same type as the parental one of table 11 (A) except that 
Ty’ is distributed to half of the daughters and to half of the sons, instead 
of to all of the daughters and none of the sons. The count, given on 
line 1, table 11 (B), shows the results to be expected on the basis of the 
parental compositions, there being the usual four classes, gray reds, gray 
pinks, black reds, and black pinks, in remarkably equal numbers. Only 
the grays are truncated, and the gray reds especially, showing a count of 
10 truncate: 18 intermediate: 11 slight-intermediate: 3 normal. (“Good 
intermediates” and “intermediates” are classed together in this and the. 
following records. ) 

The second cross was like the first, except that the female was hete- 
rozygous for T;’ P, instead of the male. This cross therefore had the 
rs 
X b p 
(long black red female). It will be seen that the results, shown on line 
2 of table 11 (B) are very similar in character to those of the first cross, 
except that there may be a slight decrease in the proportion of high- 
grade truncates among the gray reds, as compared with the first cross. 
This change, if not a chance deviation, is due to the crossing over be- 
tween 7,’ and P, which was possible in the female. 

These first two crosses really served as controls for the third cross, 
which was concerned with the possibility of securing homozygous T,’. 
The third cross was really a combination of the first and second, in that 
both the male and female parents were heterozygous for T;’ P, instead 
of the male alone, as in cross 1, or the female alone, as in cross 2. The 
parents, then, were a slight-intermediate gray red male which was a 
brother of the similar one used in the first cross and one of its black red 
sisters which was also a sister of the similar female that was used as a 

, 
parent in the second cross. The formula for the cross is = = 


Here, since both parents are heterozygous for 


B 
formula - ; rs (long-winged gray pink male) by 


b TP 
by Yb 
T;’ P, the reds should bear the ratio of 3: 1 to the pinks, instead of 1:1, 
as before, and some of the reds,—one-third or fewer of them, depending 
on the exact amount of crossing over between T;’ and P,—will be homo- 
zygous for 7;’, provided 7,’ can exist in homozygous condition. This 
homozygosis in 7;’, if it can exist, might then be reflected in a more 
strongly truncated condition of the flies of the gray red classes; if, on 
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the other hand, homozygous 7,’ cannot exist, the gray red flies will not, 
on the average, be more markedly truncated than those of the previous 
cross. They would, if anything, average less truncate than in cross I, 
because of the possibility here of crossing over between T;’ and P (red). 
Moreover, the ratio of reds to pink would be 2:1, or at least less than 
3:1, if the reds homozygous for T;’ failed to appear. The count is 
shown on line 3 of table 11 (B). The ratio of reds to pinks is exactly 3:1 
(54:18), as it should be if the homozygous T,’ live. Examining the 
gray reds, it is clear that there is among them a new class of individuals, 
with respect to truncate, that is never found in conspicuous numbers in 
out-crosses. This has been called “short-truncate”; it is of the same 
grade as the highly-truncated individuals of selected truncate stock. Al- 
most exactly one-third of the gray red individuals belong to this grade. 
(It will be noted that the gray pinks, on the other hand, are no more 
truncated than before, there being no special environic conditions here 
favoring truncation.) It is therefore evident that the whole chromo- 
some containing 7,’ is capable of existing in homozygous condition, and 
that, provided 7,’ and 7.’ are present as heterozygous factors, then 
homozygosis in T;’ alone is necessary in order to produce an average 
grade of truncation equal to that of the best selected inbred stock. It 
was found, on attempting to breed the short-truncates produced in this 
experiment, that although the flies were not sterile, yet the infertility (of 
the females especially) was so great as to make it extremely difficult to 
perpetuate the line, just as in the case of the “best” inbred truncate stock. 
Crosses of the same type as that of table 11 (B), cross 3, have been re- 
peated several times, and exactly similar results, including the produc- 
tion of a conspicuous class of short-truncates, have always been obtained. 
The first, fourth and fifth crosses were concerned with homozygosis in 
respect to 7,’.. The fourth cross was similar to the first except in that 
the female was heterozygous for T,’ instead of the male, so that here 
there could be crossing over between 7.’ and B. The formula is 
, 
by (long black red male by slight-inter- 
X b p 
mediate gray pink female). The parents were sibs of the parents used 
in the other crosses. This cross accomplishes the same purpose for 7,’ 
that the second cross did for T;’.. The very small count, given on line 4 
of table 11 (B) is nevertheless sufficient to show that the general character 
of the cross is like that of the first, except in that the grays here include 
fewer truncates, and that some of the blacks are truncated, owing to the 


| 
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crossing over between 7,’ and B in the female. The first and fourth 
cross served as controls for the fifth, in which opportunity was given for 
T,’ to become homozygous. In the fifth cross, both male and female 
(sibs of the previous parents) were heterozygous for 7,’ B, instead of 
just the male, as in cross one, or just the female, as in cross four. This 
time, then, a slight-intermediate gray red male like that in the first cross 


was mated to a gray pink sister like that in the fourth cross = T; - 
T;’ P T/ X T.’B 
by Xx - >. In this case, as both parents contain hete- 


rozygous 7,’ B, the expected ratio of grays to blacks would be 3: 1, in- 
stead of 1:1, as in the other crosses, and one-third or fewer of these 
grays (both reds and pinks) should be homozygous for T,’ and might 
therefore be more truncated than the corresponding classes of grays 
(red or pink) in the first cross. But if the grays homozygous for T,’ 
fail to appear, this 3:1 ratio should be reduced towards 2:1, and the 
grays in this cross should not be more truncated than those in the first 
cross. The count, on line 3, table 14, shows 48 grays to 34 blacks. This 
is nearer 2:1 than any other simple ratio possible here and certainly it 
could scarcely be taken for a 3:1 ratio. The gray reds, although in- 
cluding one short-truncate, such as appear in isolated instances in out- 
crosses to black, are not on the whole significantly more truncated than 
those in the first cross; the gray pinks, which are just as useful for the 
present purpose, are, if anything, less truncated than in the first cross, 
and do not include any flies that have a higher grade of truncation than 
that found among the gray pinks there. The two most truncated gray 
red males, moreover, were tested by crossing to black pink, and both 
proved to be heterozygous for T.’, giving both gray truncate and black 
long-winged offspring, and no black truncates. The evidence of these 
experiments hence indicates that 7,’ cannot become homozygous. Yet 
it is not conclusive, for there is a possibility that homozygous T,’ is no 
more truncate in appearance than heterozygous T.’. The deficiency in 
the number of grays, also, might be explained away, by supposing that 
special circumstances made all the grays here relatively less viable than 
the blacks. It should be mentioned, however, that crosses one and five 
were later repeated, with results similar to those of the present experi- 
ments: the ratio of grays to blacks in the repetition of experiment five 
was 61: 32, and the truncate averaged of no better grade there than in 
the control cross corresponding to cross one (no short-truncates at all 
were produced this time). 
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b. Experiments to test the possibility of securing homozygous T.’ 


Other crosses were then undertaken, which might determine more 
definitely whether the 7,’ homozygote could occur. It would not have 
been feasible here to test flies for homozygosis in the ordinary simple 
manner,—that is, merely by finding the total proportion of truncates 
thrown, because the proportion of truncates is subject to modification in 
so many ways. A way was therefore found of “marking” the T,’ fac- 
tors, by binding them to identifying factors (B and 6), so that it could 
be determined in the tests whether a fly had only one 7,’ factor, or two 
T,’ factors differently “marked”, as will be explained presently. For 
this purpose, black truncate flies were secured that had arisen as cross- 
overs in a cross similar to number four above (see line 4, table 11 (B). 
From these a stock of black truncate (inconstant for truncate, of course) 
was obtained. Black truncates (presumably heterozygotes containing 


, 


b ; 
eet were then mated to heterozygous gray truncates having the 


second chromosome composition Both reciprocal crosses were 


made. From these crosses gray truncate offspring,—usually the male 
offspring,—were chosen, and tested by crossing to black long-winged 


stock. 
, , 


T. 
In the cross of ——— males by ——— females, the gray truncate male 


offspring that were tested may have received either a crossover gray 
chromosome,—B ,—or a non-crossover gray chromosome,—T,,’ B,—from 
their mother. In the former case, which would be less frequent, they 
must have received 7,’ b from their father, since they showed the trun- 


They would 


cate character; their composition, then, would be 
2 


reveal this composition, in the test crosses with black long, by produc- 
ing gray offspring (=) all long-winged, and black offspring (=) 


some of which were more or less truncated. (Enough intensifiers were 
present to insure the visibility of the truncate in most of the flies carry- 
ing T.’.) Of the fifteen gray truncate males tested, four proved 
to have this composition, as they threw black truncates, but no gray 
truncates. Here there was no chance for homozygosis of T,’. The other 


4 
~ 
i 
“4 
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eleven gray truncate males proved to have received T,’ B from their 
mother, for they all gave rise to some gray truncates on crossing to black 
long. It was to be expected, if T.’ can be homozygous, that half of these 
eleven males would have received the T.’b chromosome from their 
father, the rest merely the b. The former, then, would throw black 
truncates, the latter only black longs, in addition to the gray truncates. 
As a matter of fact none of these flies which threw gray truncates threw 
black truncates, only longs appeared within the black class of offspring. 


The composition of all eleven must therefore have been Is 


= although, 


if T,’ can occur in homozygous condition, half of them should have been 
B 


Ti’ b 


male by Ts 


From the reciprocal cross, of female, 10 gray 


truncate male offspring were tested. In this cross, there will be no 


2 
class, for all the gray offspring must receive T,/B from their father, 
since there is no crossing over between T,’ and B in the male. Corre- 
spondingly, it was found that all the (gray) males tested threw gray 
truncates. Half of these males, as before, may have received b from 
their other parent, and the rest T,’ b. But, as before, it was found that 
all the black offspring were longs; here again, then, all the flies had been 


B 
heterozygous, 5” although there had been a chance for the half of 


B 
them to have been homozygous, = Five of the gray truncate female 
2 


offspring of this cross were also tested, by crossing with black long 
males; similar considerations apply to them, except that a heterozygous 
B 


female would throw some black truncate offspring by crossing 


over; it would not throw nearly as many black truncates as gray trun- 
cates, however, and so it could be distinguished from the homozygous 
T.’ B 


female. It was found that all five females were of the heterozy- 


T,’B 


gous type, , just as in the case of the males. 
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Another cross, similar in principle, involved the dominant identifying 
factor star, in chromosome II, as well as black. A black pink truncate 
fly (obtained by crossing and subsequent selection) was crossed to star 
pink. A son showing the characters star, truncate and pink,—composi- 


= ‘ —was then crossed by a short-truncate female from the 
inbred truncate stock. Forty-six male offspring which did not have star 
eyes, and which had therefore received 7,’ b instead of S’ B from their 
father, were then tested by back-crossing them separately to non-truncate 
black pink females. The composition of these males must have been 

Ty X T/(?)B T;’P 
ceived 7,’ B from their truncate mother, in addition to the 7,’ b that 
they must have gotten from their father. If T.’ can be homozygous, at 
least half should have received 7,’ B, and should therefore give rise to 
gray truncate offspring as well as black truncates. All forty-six, how- 
ever, failed to produce any gray truncates, although they all threw black 
truncates in very high percentage, particularly among the red female off- 
spring, which contained 7,’ and T,’. The original short-truncate female 
from selected stock must therefore have been heterozygous for T,’, and 
when her eggs were fertilized by the T,’ b-bearing sperm, only those 
which had failed to receive the maternal 7,’ developed. Adding these 
46 to the previous 26 tests, there is a total of 72 flies, at least one-half 
of which should have been homozygous for T.’, had this been possible, 
but all of which were found to be heterozygous. 

We may therefore conclude with certainty that homozygous T,’ can- 
not exist. This explains not only why there was such difficulty met with 
in the attempt to get pure truncate stock, but also why truncate, even 
when it acted as a dominant in crosses with black, never gave more than 
half of the F, showing truncate (see tables 6 and 7). Twin hybrids, 
truncate and long, were produced, as in out-crosses of Oenothera, Mat- 
thiola, and beaded Drosophila (see page 41), half of them in the pres- 
ent case receiving the T,’ chromosome and half the ¢,’. Tests of such F, 
longs, moreover, showed many of them to be genetically long, and not 
merely T,/-carrying flies that lacked intensifiers or happened to vary 
somatically in the direction of normal (although of course, some of the 
longs were of this type, in cases where more than half of the F, appeared 
long). Table 12, lines 1 and 2, shows the result of such a test of an F, 
long male which had arisen from an out-cross of a short-truncate female 


tion 


; the question was whether any of them had re- 


¢ 
7 
Zi 
ie 
= 
5 
4 


THE GENETIC BASIS OF TRUNCATE WING 39 


of inbred stock by a black pink male. When this long was back-crossed 
to black pink, many of the gray red offspring should have appeared trun- 
cate, had the F, carried T.’, but, as the table shows, not one truncate 
appeared. One of the slight intermediate F, males, on the other hand, 
which was a brother of the long, gave the count on the second line, when 
tested similarly. Thus, even the short-truncate of inbred stock is hete- 
rozygous for T.’, and gives the results expected of a heterozygote, on 
out-crossing. It may be noted that the tests of these normal-appearing 
F, males are in striking contrast to the results obtained by crossing nor- 
mal-appearing males from a back-cross like that in table 7, cross 3, where 


TABLE I2 


Tests of F, males from a cross of short truncate female by black pink male. F, males 
tested by back-crossing to black pink. 


Character of Gray red | Gray pink Black red Black pink 
F, male tested T I/S|N/T|I/S|N S/N S|N 


o | 26 


0 | 25 0 
2/14| 0 


21 
2 


0; 0 
0; 0 


Normal 
Slight intermediate | 0 3) 3 


0 


the identifying factors show that the flies, though normal, must really 
carry the factors for truncate. 


c. The reason for the non-appearance of homozygous T,’ 


The failure of 7,’ to appear in homozygous combination must be due 
either to the fact that it acts, when homozygous, as a lethal factor, or 


that there is a selective fertilization of T.’ eggs by ft.’ sperm exclusively. 
, 


flies were crossed with each 


In the latter case, when heterozygous 


other, a ratio of 3 grays = ) : 1 black () should be produced, 


since all 7,’ B eggs would be fertilized by b sperm, and half the b eggs 
would be fertilized by 7.’ B sperm. In the case of a lethal factor, on the 
other hand, only 2 grays: 1 black should appear, for one-third of the 


combination, that would 


die. We have seen (page 35) that the 2:1 ratio is actually obtained; 
thus T,’ is a lethal, like yellow in mice, and like most dominant mutant 
factors, in Drosophila at any rate. 


grays would consist of the homozygous 
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d. The cause of the infrequency of normals in the selected stock 


This “‘yellow-mouse” hypothesis had of course often been considered, 
as a possible explanation of why stocks of truncate were always genetic- 
ally inconstant, but it had not previously been thought probable, because 
the highly selected, inbred truncate threw only 10 percent of normals (and 
many of these, even, carried T,’) whereas yellow mice throw as much as 


T,’ T,’ 
33% percent of normals (or non-yellows). <A cross of by ig 
2 2 


, 


T. 
likewise should give 2 — (more or less truncated) : 1 << (long), pro- 
te’ 2 


vided the 3 die. Either, then, in the case of the selected truncate, most 
L 2 
, 


of the = which are formed die also, owing to the existence of another 
te 


lethal or semi-lethal factor in the chromosome with ¢,’, or, if they live, 


, 


many of them must appear truncate, like the —— flies, owing to some 


2 


other chief factor for truncate that they may contain. This other factor 
would have to lie in the second chromosome, for we have seen that flies 
containing other chromosomes of truncate stock, but not having the 
second so derived (the black red flies of table 7, cross 3), even when 
inbred, cannot give rise to truncates (table 7, cross 5). It would, more- 
over, have to be a recessive, for we have seen that heterozygous flies which 
fail to receive 7.’ are never truncate, even if one of their second chromo- 
somes is derived from truncate stock (p. 39). 

A test was therefore undertaken, to determine whether there existed, 
in the ¢.’-bearing second chromosome of the selected stock, a recessive 
factor for truncate, which, when homozygous, was able to cause the trun- 
cate character to appear, even in the absence of T,’ itself. This test was 
T,’X or Y #t,’B 

X b p 
obtained in the last tests for homozygous T.’, reported on p. 38. All 
these flies had received, it will be remembered, one gray-bearing chromo- 
some derived from a short-truncate female of the selected stock ; this chro- 
mosome had been found not to contain T.’. If, however, it contained 
a recessive “chief” factor for truncate, in any of the families (the chro- 
mosome was not necessarily the same in the different families, on ac- 
count of the possibility of crossing over in the stock truncate fly from 


performed by inbreeding the gray red flies ( 


we 
¢ 
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which it was derived), then, when the gray flies of such a family were 
crossed together, some flies homozygous for the recessive truncate would 
be produced, and many of these should show the truncate character 
(since the intensifiers also are present). Nineteen of these tests were 
made in all, the gray red offspring of each of nineteen of the males that 
had been tested for homozygosis being inbred to each other in mass cul- 
ture, family by family; thus, if the original truncate female had been 
heterozygous, so that only certain families contained the factor, it would 
have a chance to become homozygous in these lines. None of the 19 
families produced any truncates, however, and the hypothesis of a reces- 
sive “chief” factor to explain the low proportion of normals in the se- 
lected truncate stock therefore had to be discarded. 

The only remaining possibility was that the truncate stock contained 


a lethal (or semi-lethal) factor in the second chromosome that carried 
, 


t.’, for since it was shown that a = combination in the selected stock 
2 


would not give rise to truncate-winged flies, the excess of truncates (or 
deficiency of longs) proved that there was a real deficiency, i.e. a dying 


, 


t 
off, of the — flies that were formed at fertilization. 


2 


A similar condition of affairs had been found by MULLER (1917) to 
exist in the case of the beaded-winged stock of Drosophila, and was 
called by him a state of “balanced lethal factors.” In such a case, there 
are present, in homologous chromosomes, two different lethal factors, 
each of which kills off an opposite type of homozygote, and which, to- 
gether, thus cause a heterozygous stock apparently to breed true, or 
nearly true. The balanced lethals in the case of the truncate stock are 


T.’, which kills the homozygous truncates, and the recessive lethal factor 
, 


in the opposite chromosome, which kills the homozygous = flies. 
te 


As shown in the report on the beaded case, the occurrence of such re- 
cessive lethals by mutation must be comparatively frequent. Bearing 
this in mind, the existence of this factor in the truncate race is easily 
explained, as follows: A stock having a character such as truncate, 
which is itself due to a lethal (7,’), must continually throw normals. 
When such a character is selected, therefore, an endeavor will be made 
to select a line throwing as few normals as possible. In the course of 
time, various lethal factors will arise, in different loci, most of which 
will be eliminated by natural selection, but when a lethal arises in the 
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normal homologue of the chromosome containing the factor that is being 
selected for (T,.’), it will cause the killing off of a large number of the 
undesired normals; consequently the line in which this factor has arisen 
will be perpetuated in the selection. The nearer the locus of this factor 
lies to the locus of the desired factor (7.’), the fewer will be the nor- 
mals that can escape, by crossing over, from the lethal action, and so the 
better will be the chance of the perpetuation of this race in the experi- 
ment. After a long course of selection, then, it is to be expected that 
the stock would show the presence of a lethal factor nearly opposite, in 
location, to the lethal factor that is being selected for, and a condition of 
“balanced lethals” would have arisen. For the further consequences of 
this condition the reader must be referred to the account of the beaded 
case. 


e. The source of the normals which did occur in the selected stock 


In the case of the truncate stock, it is likely that there was a certain 
amount of crossing over between 7,’ and the recessive lethal. This 
would partly explain the presence of the 10 percent of normals in the 


Ty’ 


selected stock, for such normals could arise froma female, from 


te 
a crossover gamete ft,’ L (/ here indicates the recessive lethal; L its nor- 
mal allelomorph). Such normals would never give truncates if crossed 
together, as they do not contain T,’. 

Table 2 showed, however, that some of the normals thrown by the 
stock could give rise to truncates. Some of these normals, then, may have 
been merely somatic variants towards normal, which nevertheless had 
the full complement of truncate factors. In that case it would have to 
be assumed that in these experiments they had been mated to the cross- 
over normals, which lacked T,’ and which would be indistinguishable 
from them somatically, for these matings gave fewer truncates than 
ordinary matings of somatic truncates. But it seems unlikely that this 
special sort of mating should be made frequently, and so it is more prob- 
able that most of these normals, which were able to throw some trun- 
cates, were T,’-bearing flies that lacked one or more of the intensifiers. 
It has been explained that females homozygous for the intensifier, T,’, 
are extremely infertile, and since in the selected stock even those eggs 
which are laid are killed off in large numbers by the lethals of chromo- 
some II, it will be readily understood that truncate stock homozygous 
for T;’ could not be long maintained. It was, in fact, found continually 
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in the original selection experiment that the very high lines died out 
through infertility, and that the stock had to be replenished from mass 
cultures of somewhat lower grade. The stock consequently was prob- 
ably impure for T;’ as well as T,’, even though many of the individuals 
in it must have been homozygous for the former factor. 


THE LOCUS OF TRUNCATE 


The above experiments were sufficient to demonstrate the nature of 
the mechanism of inheritance of the truncate character. They showed 
that it conformed regularly to the principles of chromosome heredity, 
factor constancy, etc., and disclosed the causes of the inconstancy of the 
inbred stock, and of the indefiniteness and variability of the ratios thrown 
in crosses. 

Further determination of the precise number of modifying factors for 
truncate present in each chromosome, and the location and exact effect 
of each, in the various possible combinations, would have required, for 
the most part, elaborate tests—much more elaborate than the preceding 
ones—and yet these details would have been of little general significance, 
once it had been found out what was really “the trouble” in the truncate 
case. Some more exact tests were at first undertaken, with these ob- 
jects in view, but many identifying factors had to be used for this pur- 
pose, in order to follow the crossing over, and it was found that some of 
these factors also influenced the truncate character. This circumstance, 
taken together with the fact that the classes containing the intensifiers 
far overlapped those lacking them, on account of the natural somatic 
variation of truncate, made a direct estimation of the percentage of 
crossovers impossible. An example of the confusion caused in these 
ways is seen in table 13, which represents a count of 196 offspring of a 
back-cross designed to find the locus of T;’. A female heterozygous for 
truncate and for three third-chromosome identifying factors—pink eye 
(p), kidney eye (k), and sooty body color (e*), was back-crossed to a 
pure pk e* male. It will be seen that the truncate shows rather close link- 
age to P, and yet the crossover classes all show a fair amount of truncate, 
which is distributed among them nearly proportionally. Thus the trun- 
cate intensifier shows no closer linkage to P than to either of the other 
factors, and its locus is indeterminable. Such a result can be explained 
only by supposing that several modifiers of truncate are here concerned. 

Difficulties of the above sort would not have been insuperable, as the 
flies from such a count could each be tested out, separately, but a much 
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TABLE 13 
Back-cross of truncate to pink kidney sooty. 


PKE | pke | Pke pKE| PKes | 
913 134 | 1/4] | | 0 jo jo/8 0 |0 


more elaborate system of experiments would have been necessary for 
this purpose than the value of such information justified. There would, 
moreover, have been no such thing as a “complete account” of the trun- 
cate case, unless all known and unknown mutant factors of Drosophila 
had been tested, in all possible combinations, with respect to their effect 
on truncation. It was therefore decided to confine the “‘intrachromo- 
some” investigation simply to a determination of the locus of T,’, the 
chief factor for truncate. 

Certain data regarding this may be obtained from the counts of table 
7(B), crosses 4, 6, and 9, where females heterozygous for truncate and 


black (2 


) were back-crossed to black long males. Here the long- 


winged offspring must be disregarded, as they are genetically heteroge- 
neous, including many flies that carry T., besides the really genetic longs. 
The percentage of crossing over may, however, be obtained from the 
count of those that show any degree of truncation. Among the latter, 
the grays are of course non-crossovers, the blacks crossovers. There 
are 173 flies in these three crosses showing some grade of truncation, 
and among them 41 are black (crossovers), the rest gray. This would 


make the crossing over between truncate and black = or 24 percent. 
173 

In various crosses of the same type 375 truncates have been counted in 

all, including too blacks; this makes the percentage of crossing over 

nearly 27. 

Truncate was also crossed to a stock of black purple curved (all in 
chromosome II), and F, truncate females were back-crossed to b p,c 
males. The count of 530 individuals is shown in table 14; there is the 
usual percentage of crossing over between b, p, and c (b-p = 6 percent, 
p,-¢ = 17 percent). To find the linkage with truncate, only the 119 off- 
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spring showing truncation can be used, just as before. Among these 
there are 22 percent of blacks, indicating a “distance” of 22 units in this 
cross. This, averaged with the previous results, would place T,’ at 25.5 
units from black. Double crossing over is so free in this cross, however, 
that it is not possible to tell with certainty whether 7.’ is on the same side 
of black as curved is (i.e., to the “right”) or on the opposite side (the 
“left” ). Yet the fact that in crossing over between black and purple the 
truncate remained with the black, indicated that T,’ was probably on the 
opposite side of black from purple,—that is, to the “left”. 

A test was accordingly made to determine on which side of black T,’ ° 
lay. This was done by means of a back-cross involving truncate, black, 


TABLE 14 
Back-cross of truncate to black purple curved. 
b pre 
(— 2 xX 
b pre b pre 
BPrC bpr c Bprc bPr C 
T|I T|1|s|N T|1|s|N 
26 | 13 6/56 | 7 6 |o 10 
83 | 5 |1|2|99 olo 4 | lo 8 
BPrc bpr C Bpr C bPr c 
o|o | 25 |ololo| 2 


4| 0 © 1 | 30 


and star. Star (S”’) is a dominant factor lying 46 units to the left of 
black, at locus o. In the first place, a star truncate stock was secured by 
crossing truncate with star and selecting the crossovers in the second 
generation, and in the second place this star truncate was crossed to 
black, and one of the heterozygous female offspring, which appeared 
star truncate, was back-crossed to a black male (.riple recessive). The 
count, given in table 15, shows clearly that T.’ is to the left of black, 
since twenty-three of the twenty-four flies known to be crossovers between 
truncate and black (i.e., those showing both truncate and black) are also 
crossovers between star and black (star, truncate, black). The exact 
percentages are not very significant in a count of this size (total count 
130) but the order of the factors is determinable with certainty. 
When all these tests of truncate with black are averaged together, a 
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TABLE I5 
Back-cross of star, truncate and black. 
b p 

Non-crossovers Crossover I Crossover 2 Double crossover I, 2 

Star Star Star 
truncate | Black || black | Truncate |} truncate | Normal | Star | Truncate 

black black 
41 36 6 6 23 14 3 I 


percentage of crossing over of about 27 is obtained. The distance be- 
tween truncate and star, as given in the last test, is 12.3. As the per- 
centage of separations between star and black is known to be about 39, 
the results of the tests of truncate with star and with black agree fairly 
well, and it may be concluded that truncate is between star and black, 
at a locus of about “12”—i.e. 12 units to the right of star, which is taken 
as being at o. 


ON THE MODE OF ORIGIN OF THE TRUNCATE COMPLEX 


On the basis of the information that has been gained concerning the 
genetic basis of the truncate complex, its mode of origin may in a gen- 
eral way be reconstructed. It is probable that either the factor T.’ or 
one of the intensifiers had arisen by mutation and persisted unnoticed in 
the ancestral beaded line for some time before the first truncate fly was 
discovered. For the original truncate, it will be remembered, gave rise 
to a moderate proportion of truncate F,, and to a much higher proportion 
of truncates in some of the F, families. Now, the moderate proportion 
of truncates in F, would not have been possible in the first place, had not 
an intensifier of truncate been present,—it is only necessary to recall here 
the extremely small proportion of truncates produced in F,, in the ab- 
sence of black, even when the intensifiers are present in heterozygous 
condition (see table 3(A), representing crosses of selected stock to 
wild type). Secondly, had not an intensifier been present, it would not 
have been possible to raise so materially the proportion of truncates in 
F,, since only intensifiers, and not T.’ itself, could have been made homo- 
zygous by this process. 

One possibility, then, is that T,’ had existed for some time in the stock, 
and suddenly burst into visibility when 7,’ or 7,’ arose by mutation. 
Before this occurrence, it would have been detectable practically only as 
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a lethal factor, by the disturbances it produced in ratios, or, if elaborate 
tests were made, as a factor giving the fly a very slight “instability” of 
wing shape, or “tendency” to have shortened wings, which manifested 
itself once perhaps in 100 cases ordinarily, but much more often in the 
presence of the factor for black (thus recalling the alleged mode of in- 
heritance of certain nervous defects in man). On the other hand, it is 
more probable that one of the intensifiers had existed fitst, for these 
would have been better able to persist in the stock than a lethal factor. 
The intensifier would not have been detectable at all at this time, unless, 
in the case of T;’, tests of fertility had been made. But, whichever of - 
the two suppositions is true, it is evident that one of the mutant factors 
had arisen and persisted unobserved until the second mutation took place. 

This situation raises the question as to how many such mutations— 
producing no visible result on the organism, but changing only the com- 
position of the chromosomes, and, through them, the ultimate potentiali- 
ties of the race—may be continually occurring unseen. Certainly the oc- 
currence of such mutations is by no means rare, judging by the compara- 
t:. frequency with which modifying factors are found, in races which 
happen to have the “chief” factor for that character already present. 
Thus, when ‘selection is made for bar eye, bar modifiers are found; on 
selection for beaded wings, beaded modifiers; on selection for dichaete 
bristles, dichaete modifiers; all of which modifiers have little or no effect 
on the fly lacking the chief factor for bar, beaded, or dichaete, respec- 
tively. Yet such mutations must be occurring with similar frequency 
(though not selected for and artificially perpetuated) in stock lacking 
the specific chief factor; so, in wild stock, modifiers must be arising for 
bar as in the bar stock, and at the same time for beaded as in the beaded 
stock, for truncate as in the truncate stock, and similarly for innumer- 
able other potential characters not actually realized in the stock at that 
time. Hence it may well be that there are more mutations for which no 
means of influencing the somatic characters exists, than visible “char- 
acter-mutations,” and undoubtedly there are many on the edge of visi- 
bility. Many of these “invisible” or “barely visivle’ mutant factors 
should persist in particular lines, merely as a matter of chance, and they 
would affect not only chromosome composition and behavior, but also 
the possibilities of future character-evolution for that line. Such, at 
least, was the case with the truncate line which, by means of the prior 
possession of an “invisible” factor for truncate, was enabled to produce 
the truncate “evolution series.” Here is a situation which may give 
some satisfaction to believers in orthogenesis. 
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The truncate which had thus appeared probably contained, as yet, only 
one intensifier, and no balancing lethal, for it could not be increased by 
selection for a considerable time. When, however, each of the other 
contributing factors finally appeared in the course of the breeding, the 
line containing it was purposely selected, since it threw more and better 
truncate. It has been previously explained that there is nothing remark- 
able about the fact that a balancing lethal did arise. The fact that it 
was also possible to find one or more additional intensifiers may how- 
ever call for some comment. This responsiveness of truncate to selec- 
tion,—the appearance of intensifiers when sought for——may be shown 
to be an inherent characteristic of the truncate race, dependent on a 
particularly high modifiability of the embryological process whereby the 
truncate character is produced. The degree of modifiability of the de- 
velopmental reaction that causes any given character may be estimated 
by at least two criteria: (1) by the somatic variability of the character 
among individuals of the same genotype (a test of responsiveness to 
environmental influences); (2) by the proportion of previously known 
factors for other characters which are able to influence the character un- 
der consideration (a test of responsiveness to genetic influences). To 
both of these tests truncate gives a positive result, for we have seen, 
(1) that, when flies carry T.’, the wing shape is unusually variable even 
among individuals of identical factor composition, and (2) that, among 
these flies with 7,’, a number of factors, like that for black body color, 
star eyes, bar eyes, sex, etc., which ordinarily produce no noticeable effect 
upon the wing, now influence its shape decidedly. Hence the develop- 
mental reactions that determine the wing shape must be particularly un- 
stable, or susceptible to modification, in the race containing 7,’. From 
this conclusion in turn it follows that relatively many modifiers of wing 
shape should be found to arise by mutation in the truncate race,—not 
because mutation itself happens oftener in this race, but because, of the 
mutations that do occur, more would be able to affect the wing character 
in this race than in non-truncate races, where wing shape was not so 
easily influenced. A race of this kind, accordingly, would be able to 
undergo an evolution or cumulative change, under the directive action of 
selection, which would be next to impossible in another race, that lacked 
the factor causing this embryological modifiability. Here again, then, 
we have an example of invisible peculiarities of the germ plasm of certain 
lines, influencing the possibilities of character-variation and evolution. 

The question might here arise—if characters may differ so consider- 
ably in regard to the modifiability of their development reactions, is it 
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not conceivable that certain characters may be so highly modifiable,— 
influenced by such a large proportion of the total number of mutations 
that occur,—and that this total number of mutations is at the same time 
so large, that, even though each separate single factor of the germ plasm 
is highly constant, nevertheless these characters would, in effect, really 
be undergoing a continual genetic fluctuation. This contingency can- 
not be categorically denied, as an academic possibility for exceptional 
cases, but we have seen that in the case of truncate, although it is a par- 
ticularly unstable character, yet the number of mutations which affected 
it were not nearly so frequent as would be required for such an effect,— 
the pure line remaining constant through twelve generations. Of course, 
if selection had continued indefinitely, some distinct genetic changes af- 
fecting the character would have been bound to occur, but not of the 
order of frequency of “continuous variation” (fluctuation). The reason 
that the inbred stock, on the other hand, was so much more plastic 
genetically is simply because there was in it an opportunity for the for- 
mation of all sorts of genetic types by mere recombination of the various 
mutant factors that had already arisen at widely separated occasions. 
The inheritance of truncate therefore provides no evidence even for this 
modified type of genetic fluctuability which might appear as the resultant 
of innumerable mutations in many different factors, each of which itself 
was highly constant. Moreover, no other cases affording evidence of 
such a situation have been reported thus far. 

We may now sum up the causes why the truncate character, when it 
was analyzed, was found to depend on so many factors. (1) Two suc- 
cessive mutations were practically necessary, in the first place, before 
truncate became visible at all. (2) Since truncate depended on a lethal, 
and was, in add:tion, inconstant in somatic expression, it was subjected to 
selection, which perpetuated any new factors (balancing lethals and in- 
tensifiers) that still further differentiated truncate from normal. (3) 
Since the truncate character depended on an unstable developmental re- 
action, the initial appearance of such intensifiers was made more likely. 

The history of the truncate stock, after the appea.ance of these con- 
tributing factors, consisted merely of the attempt to get the line as pure 


as possible for T;’, and to keep the line in the balanced lethal condition 
by eliminating crossovers. 


THE ORIGINATION OF TRUNCATE IN OTHER STOCKS 


It is not very uncommon to find truncate appearing sporadically, like 
a mutant, in other stocks. Thus, in DuNCAN’s (1915) search for mu- 
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tations, truncate was the second most common in occurrence, beaded 
arising most frequently. Now, if the above account of the origin of the 
truncate complex has been correct, such truncate should not be provided 
with the accessory factors present in the selected stock, or at least not 
with the same ones. That this is true is indicated by the fact that often, 
when these truncates are bred, they fail to reappear, except in trifling 
proportions, in subsequent generations. The latter flies, then, if they owe 
their truncation to the same factor as the 7,’ of truncate stock, evidently 
lack all the intensifiers, just as we should expect to be usual in stock 
not subjected to selection. In this connection, it may be noted that since 
the intensifiers are missing it is by no means certain that all these ap- 
pearances of truncate represent separate mutations, as the factor for 
truncate may have been present for a long time, under such circum- 
stances, without manifesting itself. Hence the actual mutations may 
really be rather rare. 

Truncate has also appeared several times in stock containing factors 
for other characters, that at the same time intensify truncate, and these 
cases may with more certainty be regarded as real mutations. The com- 
position of such truncates is accordingly more worthy of examination. 
One such truncate was found by MorGaAN in a stock with “cut” wings; 
special crosses proved that it contained T.’, identical with the T.’ of 
truncate stock. Cut, itself, intensified the truncate, but there was no 
evidence of the regular intensifiers in addition. Another truncate was 
found by the writers in a cross between black and a stock that had been 
continually tested by crossing to bar. The mutant, a “long-truncate” fe- 
male, was crossed to black pink, and gave offspring half of which were 
intermediate and the rest normal-winged. Two of the heterozygous in- 
termediate F, males were then back-crossed separately to black pink. 
As in the similar crosses of ordinary truncate, truncate appeared only 
among the gray offspring (F.), but it appeared about as often among 
the gray pinks as among the gray reds, giving in both classes the per- 
centage and grade ordinarily present among the gray pinks. Thus it 
was evident that the intensifier 7;’ was not present. The 7,’ was evi- 
dently the same as that in ordinary truncate stock, for when the gray 


B 


pinks ( “s were inbred they produced 81 grays and 51 blacks, 


instead of a ratio of 3:1, thus showing that this 7,’ also was lethal. 
There was, moreover, a fairly large percentage of crossing over between 
black and truncate. 
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We may accordingly conclude that the origin, by mutation, of the in- 
tensifiers present in truncate stock, was quite independent of the origin 
of T,’ itself by mutation. 


APPLICATIONS OF THE METHODS 


It is believed by the authors that the general method of attack de- 
veloped in the truncate case,—whereby, by the use of “identifying” 
genes, a refractory character may be taken apart, put together, or held 
in a desired combination—will become of more widespread applicability 
as the linkage groups of the organisms commonly used for genetic study 
become better known. Since a large part of the work on truncate was 
carried out nearly seven years ago this general method has already had a 
chance to be tried out rather extensively in Drosophila work, and it has 
been used with success by.students of this organism in a considerable 
number of problems, some of which have been reported in the literature. 

In the case of other organisms, however, it will be necessary to know 
and have the use of identifying factors in the various linkage groups 
concerned, before the present method can be used at all. Moreover, cer- 
tain modifications are necessary in the case of organisms that have cross- 
ing over in both sexes, and also in case the character to be studied is re- 
cessive. In either of these circumstances, it will be desirable to have two 
identifying factors in each chromosome involved, one on each side of 
the factor under investigation,—in order to make sure that the factor 
has not crossed over from its identifier. 

Remote as the possibilities of such work may seem to be in the case of 
such animals as mammals, it is nevertheless difficult to conceive how the 
genetic bases of the more elusive and complicated characters in them can 
be determined adequately by any other means. Even in the case of man, 
an attempt in such a direction would be justified, for here the most im- 
portant characters,—such as the psychological ones,—are perhaps more 
plastic, obscure, and complicated in genetic basis, than any others in the 
entire animal kingdom, and it would seem next to impossible ever to 
give any real Mendelian analysis of most of them without studying them 
by the method of linked identifying factors. In place of controlled 
crosses, and large families, however, reliance would here have to be 
placed on finding, by means of wide examination of data, a sufficient 
number of crosses of similar type, and then seeking in them the requisite 
identifying factors. 


It would accordingly be desirable, in the case of man, to make an ex- 
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tensive and thorough-going search for as many factors as possible that 
could be used in this way, as identifiers. They should, preferably, in- 
volve character differences that are (1) of common occurrence, that are 
(2) identifiable with certainty, and that are (3) heritable in a simple 
Mendelian fashion. It seems reasonable to suppose that in a species so 
heterozygous there must really be innumerable such factors present, if 
only an examination of the inheritance of small, definite physical tratts* 
were made on a large scale. As the study of such factors should natur- 
ally be accompanied by an examination of their inheritance with relation 
to each other, a knowledge of their grouping would at the same time 
gradually become available. All this would of course require very de- 
tailed and intensive work (rather, perhaps, than a superficial study of 
numerous individuals), and as yet little work has been done that is of 
this character. For, hitherto, the study of factors which are inconspicu- 
ous, Or unimportant in actual life, has been largely avoided, in order to 
make an immediate and direct attack on the more important, more diffi- 
cult characters. Now, as any two parents of a human family would 
probably differ nearly always in a very large number of factors, it would 
not be at all surprising if it were found that there were usually differ- 
ences in one or more identifying factors in the case of any given one of 
the twenty-four (+) pairs of chromosomes. Thus, if a far-reaching in- 
vestigation of definite physical traits were carried out first, then, when 
investigation of the more difficult characters was later undertaken, the 
requisite identifying factors, suitably arranged in the appropriate chro- 
mosomes, would probably be found, in many crosses, ready provided 
for the study of the more complicated and important trait. 

The implication is not intended that no results of importance in hu- 
man genetics can be attained by simpler methods; it would of course be 
desirable to carry on such studies at the same time as the more rigorous 
ones, but the inconclusiveness of the pedigrees of most important human 
characters, when studied directly, and their resemblance to the early 
pedigrees in the truncate case, indicates that nothing like an adequate un- 
derstanding of the intricacies of inheritance in man can be reached with- 
cut some such far-reaching and difficult plan as that just outlined. 
Meanwhile, too, partial knowledge of “identifiers” would be of partial 
help, in the larger problems. 

However the situation may be for human genetics, it does seem clear 
that in the more tractable organisms, such as the domesticated and labo- 
ratory races of animals and plants, character analysis by means of link- 
age studies with identifying factors will come into more general use, 


* Or chemical, such as the blood agglutinins. 
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both for the investigation of general problems and for the dissection of 
particular characters. 


RESUME 
The general hereditary behavior of truncate 


1. Truncate is a variable character, appearing in all grades between 
short-truncate and normal wing. Some normals are almost always 
thrown, even by the “best” truncates, and it was found impossible, 
through four years of selection, to secure a permanent stock that threw 
no normals, although the proportion of the normals was reduced to 
about 10 percent, and the average grade of the truncates which did ap- 
pear was increased markedly at the same time. 

2. This variation is not only somatic, but also genetic, for in the se- 
lected truncate race the high-grade truncates that appear throw relatively 
more and “better” truncates than do the intermediates, and the latter in 
turn greatly surpass the normals in this respect. It is thus possible, in 
the final stock, to modify the average grade and percentage of truncates 
back and forth by selection, within the limits above stated. 

3: When truncate is crossed to the wild-type fly it behaves as an in- 
complete recessive, the great majority of F, being normal, but a small 
percentage of flies that show some truncation usually appearing also. 
The ratios in F, vary greatly with individual pairs of F;, flies, ranging 
from nearly four normals to one with truncation through various values 
down to over 100 normals to one truncate, while some of the F, families 
contain no truncates at all. The percentage of truncates in F, is higher 
if the P, truncate was a female, but in either case the truncates in F, 
consist of both males and females in comparable numbers. The ex- 
tracted F, truncates throw about two normals to one truncate but can 
often be improved by selection until they reach the limit shown by the 
selected stock. 

4. It was found that on crossing to flies with black body-color (re- 
cessive), truncate behaves as a dominant, and manifests itself in some 
degree in nearly all of the F, flies that carry it. Two heterozygous fac- 
tors, ordinarily recessive, may thus reenforce each other so that one be- 
comes a dominant. Similar results were obtained in crosses with bar- 
eyed flies, and with star-eyed flies, but bar and star are both dominants 
themselves. 
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The dissociation of the truncate genotype 


1. Truncate was crossed to stock having black body-color (chromo- 
some II) and pink eye-color (chromosome III). In this cross, truncate 
could be used as a dominant (since black is present), and F, truncate 
males were back-crossed, separately, to black pink. In this way flies 
having all possible combinations of the chromosomes present in the 
truncate stock were obtained, and could be recognized, according to their 
sex, body color, and eye color, these latter being used as “identifying 
factors” for the chromosomes containing them. By then studying the 
amount of truncation in the flies having the different combinations, the 
‘effect of each of the chromosomes of the truncate stock, on the truncate 
character, could be determined. The following results were arrived at: 

(a) There is a chief factor for truncate (7,’), lying in the second 
chromosome; flies having only T.’, in heterozygous condition, and no 
other mutant factor for truncate, may occasionally have truncated wings. 
T,’ is partially dominant. 

(b) The third chromosome of truncate stock also contains a mutant 
factor or factors for truncate, which may be designated as T,’. This 
acts as an intensifier of 7,’, and when it is heterozygous at least it pro- 
duces no visible effect on the wing unless 7,’ is present. 

(c) These crosses, when made in both reciprocal forms, showed that 
there is a similar intensifier, 7’, in the first (X) chromosome, which in- 
tensifies truncate to about the same extent as does T,’._ When both in- 
tensifiers T,’ and T;’ are present they have a summative action. T,’, 
like T;’, produces no visible effect unless T.’ is present. Ty’ is partially 
dominant, under the conditions of these experiments (with black pres- 
ent). 

2. Crosses of truncate flies lacking T,’, obtained in these experiments, 
showed that the truncate character is also influenced by sex (“‘sex- 
limited”), in that it manifests itself more readily ‘in females than in 
males. 

3. Flies from these experiments, that were known to contain 7,’ and 
T;’, but lacked 7.’, were crossed with each other. As no wing modifica- 
tions were produced, it was evident that both 7,’ and T;’ together, in the 
absence of 7,’, cannot cause truncation, or any visible effect on the wing, 
even when opportunity is given for them to become homozygous. 

4. It was found possible to resynthesize truncate, according to calcu- 
lation, from the flies of the non-truncate or imperfectly truncated classes 
of the dissociation experiment. Flies were chosen for mating together 
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which were scheduled, by their identifying factors, each to contain fac- 
tors for truncate that were missing in the other. High-grade truncate 
then appeared in the offspring in the classes expected to contain it. This 
result furnished a confirmation of the conclusions from the dissociation 
experiment, and showed that the flies of the non-truncate classes had re- 
ceived the factors for truncate which they were supposed to have, and 
transmitted them regularly to their descendants. 

5. In the crosses just mentioned, -7;’ was sometimes introduced 
through the mother, sometimes through the father. The slightly lower 
grade of truncation, when 7,’ is derived from the mother, indicates that’ 
T;’ is multiple in composition, consisting of two or more factors that 
may cross over from one another in the female. 

6. Similar tests with 7.’ indicated that this includes only one factor 
(at any rate one dominant factor ). 

7. It was found in later crosses that this “chief factor,” T:’, is lo- 
cated in the “left-hand” end of the second chromosome, about 12 units 
to the right of star. 

8. Experiments involving, in addition to black and pink, a fourth- 
chromosome factor, bent, showed that the truncate stock does not con- 
tain an intensifier in chromosome IV. In these latter experiments the 
distribution of the entire germ plasm was under observation. 


Tests of the constancy of the factors for truncate 


1. Individual tests were made of brother and of sister flies from the 
I, count of the “dissociation experiment,” which could be seen, by their 
identifying factors, to have received from their father a given chromo- 
some combination,—T7,’ T,’ T,’ in the case of the sisters, T.’ T;’ in the 
case of the brothers. The tests showed that the differences in trunca- 
tion between the flies having a given combination were not genetic; that 
is, the flies which receive the same chromosome combinations from their 
parents contain identical factors for truncate. It must be concluded from 
this that the factors for truncate follow exactly the distribution of the 
chromosomes, and that they do not undergo fluctuating variation. 

2. A “pure-line’” experiment was then undertaken, by repeated back- 


T,’ 


, 
crossing of males of the above sort ( bai Xa to black pink females. 


In each generation, in such a cross, males with the same truncate com- 
bination as their father are again produced, and may be recognized by 
their identifying characters (gray body and red eye-color). These are 
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then mated, as before, to black pink females from stock, and so the pro- 
cess may be repeated indefinitely. The danger of recombination is here 
excluded as effectually as in the case of self-fertilizing or asexually re- 
producing organisms, and so the purpose of a pure-line experiment is 
fulfilled. Two lines of flies were carried on in this way,—a “high’’ or 
plus-selected line, for twelve generations, and a “low” or minus line, for 
thirteen generations. The selection was absolutely ineffective; this cor- 
roborates the conclusion derived from tests of brothers and sisters, and 
shows that the factors for truncate are constant, and entirely contained 
in the (three large) chromosomes. It proves at the same time that the 
factors for truncate are not contaminated by their allelomorphs in the 
heterozygote. 

The continual genetic variation occurring in the truncate stock must 
therefore be due to recombinations of factors for which the stock is per- 
petually heterozygous. 


The cause of the inconstancy of the selected stock 


1. To determine the reason for this perpetual heterozygosis of the 
stock, tests were undertaken to discover whether 7.’ could exist homo- 
zygously. As it was next to impossible to determine this by direct 
tests, 7,’ was placed in a chromosome with b (black), and flies with this 
combination were crossed to others having T.’ bound to B (gray). 72 
offspring which had received at least one T,’ were then tested, by back- 
crossing to black, to discover whether they contained both the 7.’ with 
black and the 7.’ with gray. None of them, however, had more than 
one of the 7,’ factors, and the ratios showed that T,.’ acts as a lethal 
when homozygous. 

Thus 7,’ resembles the majority of dominant mutant factors of Dro- 
sophila in being lethal when homozygous, and pure stock of it cannot be 
obtained. 

2. It follows that crosses of truncates should yield 1 non-viable: 2 po- 
tential truncates : 1 normal. As in the selected stock much fewer than 
one third of the flies that hatched were normal, tests were made to see 
whether any of the normals that should have occurred had been caused 
to appear truncate by reason of some other, recessive, “chief factor” for 
truncate. It was found, however, that no such factor existed; conse- 
quently the deficiency of normals was due, not to their appearing trun- 
cate, but to their actual absence,—this means that they were prevented 
from hatching by a lethal factor, which must have lain in the chromo- 
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some homologous to that bearing T.’. Occasional crossovers between 
T.’ and the lethal would give rise to a few normals, however. 

It is thus evident that there is in truncate stock a condition of “‘bal- 
anced lethal factors,” similar to that existing in beaded Drosophila, Mat- 
thiola, and Oenothera. 

3. Reciprocal out-crosses of truncate stock showed that 7,’ was pres- 
ent, homozygous, in viable, fertile flies of the selected stock. 

4. Crosses of flies from the dissociation experiment were arranged in 
such a way that T;’ was given opportunity to become homozygous, while 
T,’ and T.’ remained heterozygous. Many of the flies thus synthesized. 
were as high-grade truncate as the best inbred stock, and much higher 
than the truncates from out-crosses. This proved that T,’, when homozy- 
gous, is not lethal, but that its effect on truncation is much stronger than 
when heterozygous. Females of this composition are so infertile, how- 
ever, that it would be next to impossible to maintain stock pure for T,’. 
This explains the occurrence of low-grade truncates, and normals carry- 
ing truncate, in the selected stock. 


The origin of the truncate complex 


1. Truncate is one of the most frequent characters to appear sporadi- 
cally, by apparent mutation, in various stocks of Drosophila. In most of 
these cases, however, intensifiers of truncate are absent, and so the possi- 
bility is not excluded that truncate was present previously in the stocks, 
and merely failed to manifest itself before. In accordance with these 
circumstances it is usually found that the truncate fails to reappear in 
the descendants of such flies, except in a minute percentage of individ- 
uals. 

When, however, truncate appears in stocks containing bar, or other 
factors which themselves intensify truncate, it may be concluded that 
truncate has here arisen as a real mutation. Several such truncates have 
been tested, and found to be inherited, and evidence was obtained that 
their mutant factor for truncate was identical with T,’, the chief factor 
of ordinary truncate stock. None of the intensifiers of the ordinary 
stock were present, however. 

2. The hereditary behavior of the original truncate shows that one of 
the factors for truncate had been present, undetected, in the parental 
long-winged stock, and that the appearance of truncate was due to the 
origin, by mutation, of a second factor. Thus the first truncate-winged 
fly contained T.’ and an intensifier. The other mutant factors of the 
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truncate stock appeared later, and they were perpetuated through the 
process of selection, because they influenced the truncation in the direc- 
tion desired. 

It is of significance for evolution, as well as for genetics, that particu- 
lar races may thus have pre-existing in them factors which by themselves 
are invisible, but which favor the manifestation of a certain character. 

3. The occurrence of more modifiers for truncate than for most char- 
acters is explained not only by the fact that the modifiers were specially 
picked out by selection in the case of truncate, but also by the marked in- 
stability of the developmental reaction whereby the truncate character is 
produced. This instability, or susceptibility of modification, is disclosed 
by (1) the somatic variability of the character, when the genotype is 
kept constant, and (2) by the number of mutant factors for other char- 
acters which act upon truncate in addition. On account of this modifi- 
ability it should happen that relatively many of the mutant genes which 
arise would be able to affect truncage, and it should therefore be easier 
to find either intensifiers or “inhibitors” for truncate than for most char- 
acters. The reason for the readier discovery of modifiers would hence 
be, not that the process of mutation is influenced in some way by trun- 
cate, but, on the contrary, that truncate is especially susceptible of being 
influenced by mutation. 

The existence, in certain races, of factors like T.’, which make a cer- 
tain character (here, the wing shape) more highly modifiable, may be 
of particular importance in evolution. 


General applications 

1. The results described in the first section of this resumé would un- 
doubtedly have been regarded by certain writers as positive proof of the 
ineradicable fluctuability, misc:bility, or, as it were, fluidity, of a unit 
character. The case was, in fact, more extreme than those upon which 
they rely as evidence for their doctrine. And yet it has been found that 
the inheritance of this character is entirely confined to the recognized 
chromosome system, and depends on definite chromosomal factors which 
are neither miscible nor inconstant. 

Although mutations affecting this character may occur with some- 
what greater frequency than those for many other characters, the muta- 
tions are not nearly of the order of frequency which would be necessary 
in order for them, by themselves, to give rise directly to a true genetic 
fluctuability. ‘ Practically all the genetic variability and modifiability of 
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the stock is, on the contrary, due to the occurrence of recombinations 
among those mutant factors which have, on rare occasions, previously 
arisen, and variation due to a real new mutation, although possible, is 
highly exceptional. Even in such cases, moreover, the mutations do not 
all consist in variations of some one particular factor, but they may 
affect any one of many factors that are concerned with the character. 

The use of cases resembling the truncate case, in order to support the 
doctrine of fluctuating variability of single unit-factors, is therefore en- 
tirely unjustifiable, in the absence of analyses comparable with those 
made in this case. 

2. It is believed that the general methods developed in this case will 
become increasingly useful with the growth of knowledge of the linkage 
groups in organisms. It has been shown how, by the use of “identifying 
factors,” any given genotype may be cut up for study, put together again 
in various ways, or held in a particular combination for the maintenance 
of stock or for observations on factor constancy. At the same time the 
distribution among the offspring, of the entire (chromosomal) germ 
plasm of a parent may be completely exposed to view. 

The suggestion is made that such methods may also be necessary be- 
fore much progress can be made in the study of the more important char- 
acters in human genetics. 
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INTRODUCTION 


Few groups of animals or plants have received so much study by the 
geneticist as the fruit fly of the genus Drosophila. This work, carried 
on largely by MorGan and his co-workers, has consisted almost entirely 
of an analysis of the inter-relations of variations found in the laboratory. 
Large numbers of flies have been minutely examined for germinal varia- 
tions and this critical study has resulted in the finding of a large num- 
ber of mutations of various sorts. These mutations were usually ob- 
served soon after their appearance and further work with them has 
resulted in adding much new and valuable light to our knowledge of - 
heredity. 

Although many mutations have been found in the laboratory, very 
few have been recorded in flies taken from nature. This fact has led 
some writers to question whether these variations found in the laboratory 
are really potent factors in the evolutionary process. The difference 
may lie in the fact that flies in nature have not been given the exhaustive 
study which has revealed the mutations appearing in the laboratory. 
However, when one examines any large number of flies in nature he is 
struck, not by the large number of variations which may be of evolu- 
tionary value, but rather by the lack of these. There is certainly very 
little evidence of any variations similar to those found in the laboratory, 
which seem to be taking the place of any existing contrasted characters. 


THE PROBLEM 


The problem of this paper has been to analyze variations which were 
found in nature. In studies of this sort it is not possible to know any- 
thing concerning the origin of the variations and hence the analysis is 
more difficult. The variation studied was the spotting of the abdomen. 
The study of the variations in the male, together with a variation in 
female spotting, which later appeared in the writer’s stocks, composes 
the work of this paper. In its final form the problem became an attempt 
to analyze critically the factors which govern or influence the spotting 
character or characters in the fly. To narrow the field still further the 
writer has limited himself to the spots on a single segment of the abdo- 
men. Whether the inheritance of the spots on the other segments of the 
abdomen are dependent upon the same factors remains in question. 


DESCRIPTION OF THE SPECIES 
The fruit fly Drosophila busckii is slightly smaller than the well known 
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Drosophila melanogaster and is readily distinguished from it by con- 
spicuous spots on the abdominal segments. Each segment, excluding the 
last two, bears six spots. These spots are arranged on each segment as 
follows. There is a pair of rather large distinct spots on the dorsal sur- 
face of the segment, one on each side of a mid-dorsal line. A second 
pair appears more laterally, one on each side just below the last-men- 
tioned pair. The third pair of spots are small ones, latero-ventral in po- 
sition. The spots are arranged so as to make six rows running length- 
wise of the abdomen. There is seldom any variation in the spotting of 
the above-described segments. 

The spotting of the fifth segment differs from these, however, and 
the variations found on that segment furnish material for this study. 
In the female it is like that of the other more anterior abdominal seg- 
ments,” but in the male there are variations. The large dorsal pair of 
spots is always present and the presence of this pair alone seems to be 
the more common type of spotting among males found in nature. Either 
one or both of the other two pairs may be present or absent or any one 
spot of a pair may be combined with any other spots, thus giving all the 
possible combinations of the constant dorsal pair and the other four vari- 
able spots. These various combinations are shown in figure 1. The 
spots show a tendency to be present or absent in pairs, that is, if the out- 
side spot on one side is missing the corresponding spot on the other side 
is also likely to be missing. This tendency is especially true of the out- 
side pair of spots and one outside spot occurs without the other so infre- 
quently that no record of this type of spotting has been made in the 
tables which follow. 


MATERIAL AND METHODS OF BREEDING 

The flies used in these experiments were collected in the vicinity of 
Bloomington, Indiana, during the autumns of 1915 and 1916. In nature 
they breed in decaying fruit and vegetable matter but most frequently in 
rotting tomatoes. At first it was attempted to breed them on banana in 
the laboratory. It was found that they could be reared on this food, but 
with some difficulty. Later, moistened bran was tried and used very 
successfully, being a food which is both convenient to handle and one 
upon which the Drosophila busckii breeds very well. This species is 
very prolific and requires about fourteen to twenty-five days for a gen- 
eration, depending upon the temperature. It does not well withstand 
high temperatures and the extreme summer heat encountered in central 
Indiana sometimes killed stocks of flies. 


2 One exception was found which will be discussed later in the paper. 
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Type 1 ee 
Type 2 eee 
Type 3 e 
Type 4 ecee 
Type 5 @@e 
Type 6 ee@e 
Type 7 e @@e 
Type 8 
Type 9 ee e 
Type 10 eee e 
Type ll e e 
Type 12 
Type 13 @e@e0e 
Type 14 eee@ee 


Type 15 e 


Type 16 


Figure 1.—Diagram of the various types of spotting found on the fifth abdominal 
segment of the male. Each type represents a flattened segment showing the spots 
upon it. The large dorsal pair was always present and was found in every possible 
combination with the other four smaller spots. The spots tended to be present or 
absent in pairs and are referred to throughout the paper‘as the dorsal pair, the 
middle pair and outside pair. Type 1 was most common in nature. 


MALE SPOTTING 

Selection lines 
This study was suggested by the observation that there were varia- 
tions in the spotting of the males. Preliminary work upon these varia- 
tions indicated that they were heritable to a certain degree. The earlier 
work consisted largely of crosses between the more extreme variations 
to see how they would behave, genetically. Further than establishing to 
the writer’s satisfaction that these variations were heritable; very littie 
was accomplished, for no pure strains of any of the variations had been 
acquired. So it was decided that the best method of procedure would 
be to try to establish by selection, strains which were pure for some of 
these variations. Selection was made for the two extremes of the various 
types of spotting in the males. These two extremes were the normal or 
two-spotted condition (fig. 1, type 1, and plate 1, no. 1) and the six- 
spotted condition (see fig. 1, type 16, and plate 1, no. 3). As well as 
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LEGEND FOR PLATE I 


Some of the types of spotting found in Drosophila busckii. The work of this paper 
is confined to the fifth abdominal segment (the last segment showing spots). 

No. 1—Normal male with only the dorsal spots. 

No. 2.—Male -with dorsal spots and small outside one. 

No. 3.—Male having full set of three pairs of spots. 

No. 4.—Normal female with full set of three pairs of spots. 

No. 5.—Abnormal female with middle pair of spots missing. 

No. 6.—5o1 type of male with very large outside spots and also small middle spot. 

No. 7—Male with dorsal spots and small middle spot. 

No. 8.—5o1 type of male with large outside spot. 
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being an attempt to isolate two desired types of males the problem was 
outlined as a selection problem. From flies taken in nature three 
stocks were started which were not known to be related. To 
begin with quite a number were examined in each stock to learn what 
was the ratio of the various types of male spotting in each. Then from 
among the offspring of a single pair in each stock a “high” and a “low” 
strain were started. The high strain was one in which the paternal 
parent in each succeeding generation was to be a male with a full set 
of six spots, while the low strain was one in which the father of each 
generation was to be a male of the normal or two-spotted type. At the 
same time that these two strains were started a control strain was also 
started in each stock. In the control the parents were selected at random 
with no knowledge of the nature of the spotting of the fathers. The 
three stocks in which the selection was started were known as 500, 502 
and 504 and after the selection was started there was a low strain, a 
high strain and a control strain in each. 


Selection line 500 


Three pairs of flies were taken in nature and placed in a bottle which 
was numbered 500. This was the origin of the strain 500. A record 
was made of the spotting of the offspring from this bottle and six pairs 
of the offspring were mated inter se.* Of these six matings, one was 
used as the starting point of the high and low strains of line 500. This 
mating was a single-pair mating and the female was virgin, so all of the 
offspring were necessarily full brothers and sister. This gave the two 
strains as nearly uniform starting conditions as possible. The only dif- 
ference in conditions at the starting of the high and low strains was that 
two-spotted males were used in the low strain and six-spotted males were 
used in the high strain. In as far as possible uniformity of all condi- 
tions except the one mentioned was maintained during succeeding gen- 
erations of selection. Tables 1, 2, and 3 show the selection in the three 
strains of line 500. 

In this line a control was not started at the beginning of selection but 
was originated by mating the high and low strains at generation 3. All 
succeeding generations of the control were mated at random with no 
knowledge of the type of male used. 


3It will be noted that the counts obtained from the earlier matings were rather 
small as compared with the later generations of selection. This was due to the fact 
that the flies were at first reared on banana upon which they do not thrive well. 
Later wet bran was used and found much more satisfactory. 
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TABLE I 
Selection in strain 500 low. 
Percent 
Generation selected Total 
type Type | Type} Type| Type| Type | Type| Type | Type| Type| Type males 
I 2 4 5 6 | 11 | 12] 13 | 15 | 16 
Counts 
before 56 152] 14 | II 7 7 22 9 3 | 48 273 
selection 
I 28 91} 9/13 | 5| 3] 145) 7] 6 | 11 | 36 326 
2 85 430| 4 2 66 2 I 505 
92 1166] 6 | 11 | 12 I 1 8 17 1268 
4 06 606] 7 6] 6 I 8} 1 2 5 642 
5 99 717| 4 4 725 
6 04 230) 5 5| 2 I I 254 
7 97 477| 3 10 | I I I 493 
8 97 433| 3 10 446 
9 99 347| 2 I 350 
10 94 546} 5|/ 2] 6] 8 9 3 579 
II 93 435| 7 5| 2 469 
12 99 372| I I 374 
13 ~ 99 350; I I I I 354 
15 89 181} 1 I I 17| I 2 204 


Table 1 shows the selection for the two-spotted type of male (type 1) in strain 500 low. 
The column showing the percent of selected type gives a fair idea of what was accom- 
plished by selection. The column headings, type 1, type 2, etc., refer'to the types of male 
spotting found. These types are shown in figure 1. Some of the types given in figure 1 
are omitted in the tables which follow. This is due to the fact that there were so few 
individuals in some of the types that space was not given them in the tables. 


In generation one of the low strain eight matings were made but in 
practically all of the succeeding generations two stock matings were 
made in each generation of each strain. The graph shown in figure 2 
gives a fair idea of the results obtained by selection in this line. Selec- 
tion was much more effective in the direction of the two-spotted males. 
The graph representing the low strain in generation 4 drops to near one- 
hundred percent two-spotted males and remains so during the rest of the 
selection. Selection in the opposite direction was less progressive. The 
graph representing the high strain is very irregular and a high per- 
centage of six-spotted males was not reached till generation 9. During 
the first eight generations of selection the high strain frequently threw 
more two-spotted males than six-spotted ones. This seemed to be char- 
acteristic of line 500. There was a tendency in all strains to produce a 
high number of two-spotted males and the percentage of six-spotted was 
difficult to increase. The control in which there was no selection, al- 
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TABLE 2 
Selection in strain 500 high. 
Percent Types of male spotting 
Generation selected | Total 
type Type | Type|Type| Type | Type |Type| Type| Type| Type| Type males 
I 2 4 5 6 | 32 | 16 
Counts | 
before 18 152 | 14] 11 7171 22 9| 3 48 273 
selection 

I 21 10 . I i a | 2 8 39 
2 43 2 I 4 3 I 22| 4 2 2 50 118 
3 24 179 | 8 | 2 98 402 
4 43 122 6 | 27 > 4 S51) 8 | 22 6 | 186 436 
5 7 348 | 19 | 15 | 25 | 22 17 35 481 
6 I 360 | 20 | 22 | 26 | 22 S| 4} I2 3 62} 536 
7 7 335 | 19 | 28 | 20 | 18 27| 41| 26 6 100 583 
8 34 146 2/18 | 14 7 90} 19 | 18 | 15 171 500 
9 79 I 2 I 13} I0 2 8 138 175 
10 61 99 | 10 | 12 | 23 | 28 49| 23 6 | 24 | 422 696 
II | 56 22 I 3 2 134] 21 2/18] 261 464 
12 | 86 9 3 2 6 4 13} 4 | 2] 268 311 
14 66 8 42) 5 169 


Table 2 shows the selection for the six-spotted type of male (type 16) in strain 500 
high. The types referred to in the column headings are found in figure 1. The increase 
in percent observed as one reads down the second column shows what was accomplished 
by selection. 


TABLE 3 
Counts for control strain of line 500. 
Types of male spotting 
Generation Total 
Type | Type|Type| Type| Type|Type| Type|Type|Type| Type males 
I 2 4 5 Ol 22} 16 
Counts 
hefore 532 | 14| 1} 7 | 7 | 22 9.| 3| 4 273 
selection | 
I 195 6 1.6 II 2 I a1 a 234 
2 134 I I | 137 
3 184 5 st i 2 I 2 6 217 
4 209 | 6| 2| 3 I 226 
6 179 2 2 I 184 
7 123 I 4 I 129 
8 19 | 3| 4] 9 10 139 
9 148 | 13 2 | 10 6 6 I I I 188 


| 
| 
| 
| 


Table 3 shows the counts for each generation of the unselected strain 500 control. 
These counts should be compared with those in tables 7 and 2. The behavior of this 
strain in relation to the two selected strains in line 500 is best shown in figure 2. 
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1 2 3 4 5 6 7 8 9 10 ll 12 13 M4 i 
Figure 2.—Results of selection in line 500. The dash line represents the high strain, 
the dotted line the control, the solid line the low strain. The abscissae represent the 
generations of selection while the ordinates represent the difference between the per- 
centage of two-spotted and six-spotted males in any generation. Differences in favor of 
the six-spotted males are plotted above the zero line while those in favor of the two- 
spotted males are plotted below the line; e.g., in generation 2 of the high strain, 43 
percent of the males were six-spotted and 24 percent were two-spotted, so the differ- 
ence was 19 in favor of the six-spotted males and was plotted at 19 above the zero 
line. The data for this graph are found in tables 1, 2 and 3. 


though somewhat more irregular, did not range far from the low strain. 
The extra spots of the six-spotted males of the high strain were all rather 
indistinct as compared with those in line 502. 


Results 
There can be no doubt but that the high and low strains have been 
made different by selection. Although a much lower percentage of 
males of the desired type were obtained in the high strain than in the 
low strain, it is evident that more was really accomplished by selection 


Genetics 5: Ja 1920 


100 
IK 
/ 
/ 
| \ 
/ 
25 
A 
/ \/ / - 
/ v \ / 
254 / \ / 
j \ 
\ 
50 \ 
\. a 


70 DON C. WARREN 


in the high strain. This is true because the line 500 at the beginning 
had a tendency to produce two-spotted males and by selection a greater 
difference was brought about between the high strain and the control 
than between the control and the low strain. 


Selection line 502 

This selection experiment (tables 4, 5 and 6) was started and carried 
cut in the same manner as on line 500. The initial stock was taken from 
nature, bred in the laboratory for two generations and then from among 
the offspring of a single pair the selection strains and control were 
started. This line soon showed itself to be characteristically different 
from line 500. Line 502 showed a tendency to produce a high per- 
centage of six-spotted males. The graph (figure 3) representing the 
behavior of the low strain in this line was much more irregular than the 


TABLE 4 
Selection in strain 502 low. 
Percent Types of male spotting 
Generation selected |——,— — Total 
type Type | Type| Type| Type| Type| Type| Type| Type|Type| Type males 
I 2 4 5 6 | 1 | 12 | 13] 15 | 16 
Counts 
before } 31 78 | 8|14| 4] 10] 30] 1] 10 08 253 
selection 
I 22 26 I I 73| 2 3 II 117 
24 96 9| 2] 3] 123) 6] 12] 8] 135 394 
2 82 173 I 2 2 26 2 4 210 
4 04 7399} 7] I] 12 8 2 788 
5 85 622 | 24| 3] 26| 9 4| 4 28 727 
6 84 722} 19] 7] 3| 1] 2] 39 855 
7 93 480/ 7| 7] 13] 4 2 3 518 
8 04 410 4 I 4 2 I 2 424 
9 79 586 | 18 | 13 | 25 | 23} 33] 5| 6] 8] 27 744 
10 32 92 I 4 1 | 166] 7 I 4 8 284 
II 54 230| 3| 2] 6] 5] 130] 8] 5] 15 12 425 
12 81 370 8 3 | 10 I 4 3 458 
13 50 7 1 | 48] 13 2 9 155 
15 47 08 2 I 04} 1 2 II 209 


The counts in table 4 show the results of selection for the two-spotted type of male 
(type 1) in strain 502. The types referred to in the column headings are shown in figure 
1. The second column shows the effect of selection and the decrease in the percent of 
selected type in the latter part of the experiment will be seen to be due to an increase in 
the type 11 males. The type 11 male (see figure 1) is one with only the outside spots 
and these spots are affected by temperature variations. Temperature is probably the 
cause of the decreased percent in the last few generations. 
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TABLE 5 
Selection in strain 502 high. 


Percent Types of male spotting 
Generation selected Total 
type Type | Type| Type| Type | Type | Type | Type| Type| Type| Type males 
I 2 4 5 i | 
Counts 
before 38 78 8 | 14 4 | Io 30| 10 98 253 
selection 
I II 8 4| 3 2 7 64 
2 62 @iti7is 108] 4] 7] 8 | 305 491. 
3 70 33 8; 2] 1| 40] 5] 8| 10 | 246 353 
4 60 26 I 9 127} 28 | 6] 18 | 326 541 
5 75 33 | 2] 7] 3] 2] 62/13] 5| 9 | 416 552 
6 70 a I 4 104] 20 2120 1 36% 504 
7 89 I 38) 20 1 | 16} 585 661 
8 55 I 141] 31 7 | 217 307 
9 86 1o| 2 4 06 112 
10 100 1 | 502 503 
11 93 24| 1 351 376 
12 100 1] 1 458 460 
14 ~ 98 I 2| 147 150 


Table 5 gives the results of selection in strain 502 high. Selection was for the six- 
spotted or type-16 male. Figure 1 gives a diagram of the types referred to in this table. 
It will be seen from column two that it was possible by selection to obtain almost one 
hundred percent of the desired type. 


TABLE 6 
Counts for control strain of line 502. 
Types of male spotting 
Generation Total 
Type | Type| Type| Type| Type | Type | Type] Type| Type| Type males 
Counts 
before 78 8 | 14] 4] 10] 30 1 | 10 08 253 
selection 
3 374] 3] 7| 6] 83] 4] 9] 3] 16 506 
4 m1 51.2) 61 2 | 222 
5 8 | 3 2 I I 96 
6 31 S$] Si 3] 31 194 
7 2] 7| si 9] 518 252 
8 38 2) 128 
9 26 ri 21 80 
10 7 I 98 | 1 | 66 183 
II 62 1| 8] 33 | 19 2| 44 175 


The counts in table 6 represent the behavior of strain 502 control. This was the 
unselected strain of line 502. The best comparison of the behavior of this strain with the 
high and low strains of 502 is shown in the graph in figure 3. 
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Ficure 3.—Results of selection in line 502. See figure 2 for explanation of graph. 
The dash line represents the high strain, the dotted line the control and the solid line 
the low strain. Tables 4, 5 and 6 give the data for this graph. 


corresponding one in line 500. Also the percentage of two-spotted males 
in the corresponding generations was lower than in strain 500 low. The 
percentage of six-spotted males in the high strain of 502 gradually in- 
creases and in the last few generations nearly approaches one hundred. 
The apparent loss of effect of selection in the last few generations in 
the low strain was probably due to temperature and will be discussed 
later. The extra spots on the males of the high strain of 502 were very 
distinct. 


Results 
Here again there is clear-cut evidence of results having been accom- 
plished by selection. The graphs representing the two strains show a 
wide divergence and the control, although rather irregular, occupies an 
approximately midway position. There was a greater difference brought 
zbout by selection between both strains and the control than in line 500. 
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Selection line 504 

The selection strains in this experiment were started as in the other 
two experiments. The data for this line are found in tables 7, 8 and 9. 
This line behaved somewhat similarly to line 500 and perhaps a little 
more extremely. There was a tendency to produce two-spotted males. 
Very early in selection (generation 2) the low strain produced nearly 
one-hundred percent two-spotted males as is shown by the graph and 
data for this strain. The graph (figure 4) then runs very uniformly near 
one-hundred percent except in the last two generations when there was a 
rather sudden rise. This irregularity was due to temperature and will 
be discussed under the topic of temperature. In the high strain the re- 
sults were rather variable for the first few generations of selection. The 
percentage of six-spotted males was hard to increase and not until the 
last few generations of selection did the graph representing the behavior 
of the high strain rise above the zero line, thus showing a preponderance 


TABLE 7 
Selection in strain 504 low. 
Ty pes of male spotting Total 
selected | Type | Type| Type | Type| Type | Type|Type|Type|Type| Type) Males 
Counts 
before 31 117| 15, | 14 7 | 14 | 890 373 
selection 
I 93 332| 1 25 358 
2 98 1287| 4 I 4 I 2 24 1309 
3 990 632| I I I 635 
4 100 235 | 235 
5 98 437| 2 2| 4 445 
6 | 99 5 554 
7 99 458| 2 I I 462 
8 98 452] 4 I 4 I 462 
9 92 462| 3 I 3 I | 29 I I 501 
10 97 302| 2 5 I 310 
99 389| 1 390 
12 98 406 I 3 I 3 414 
14 i 62 133] 1 I 78 2 215 


Table 7 gives the selection for the two-spotted male (type 1) in strain 504 low. The 
types referred to in this table are shown in figure 1. It is seen that selection was very 
effective in this strain. All of the strains of line 504 showed a tendency to produce males 
of the two-spotted type. In this respect this strain is quite different from the low strain 
of line 502. By comparing the results of this table with those in table 4 this difference 
is readily seen. 
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TABLE 8 
Selection in strain 504 high. 
| Types of male spotting 
Generation Percent Total 
selected Type | Type| Type| Type| Type | Type| Type| Type} Type| Type males 
type I 2} s| 6| aa | x | 26 
Counts 
before 26 117 | 15 | 14 7 | 14 89| 7 | 12 I 97 373 
selection 

I 2 106 4 2 81] 2 4 199 
2 3 384 | 6| 3] 6 45} 2} 5] 1 14 466 
3 4 728 | 27 | 13 | 42 | 33 | 67} 3| 16] 3] 34 966 
4 3 521 | 17| 5 | 16] 12] So] 4] 6] 3 21 655 
5 10 429 | 14] 13 | 17 | 15 | 193] 23 8 | 13 80 805 
6 6 429 | 18 | 19 | 24 | 26] 117] 21 8 9 46 717 
7 6 219 | 12 6 | 20 | 12 8| 8 7 3 22 308 
8 14 238 | 19 | 14 | 17] 15 | 170] 19 | 5 | 20 82 509 
9 4 39 2 I 199} 6 2| %3 10 272 
10 32 2 I I | 221] 25 18 | 127 395 
II 51 8] 6] 19] 14 | 16 5 8 | 230 454 


In table 8 are shown the results of selection in strain 504 high. It was difficult by selec- 
tion to increase the percent of six-spotted males (type 16) due to the tendency of all of 
the strains of this line to produce two-spotted males. However by examining the graph 
in figure 4 it will be seen that selection made the two selected strains act quite differently. 


TABLE 9 
Counts for control strain of line 504. 
Types of male spotting 
Generation Total 
Type | Type| Type| Type| Type | Type | Type| Type| Type| Type males 
I 2 4 5 6| 11 | 12 | 13 | 15 | 16 
Counts 

before 251 34 7 | 14 | 80 I | 97 373 

selection 
I 290 7 a} ts 1 | 33 I 3 I 8 360 
2 131 I 4 136 
3 138 | 3 I a I I I S 157 
4 193 I 7 212 
5 242 8 4 7 3 | 8 282 
6 105 I I 107 
8 147 | 7 7| 1 5 167 
9 114 | 2 7 I I 125 
II 110 I I 4 2 1-3 129 


Table 9 shows the counts for each generation of the unselected strain 504 


control. 


The behavior of this strain in its relation to the two selected strains 


of line 504 is shown in figure 4. 
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Ficure 4.—Results of selection in line 504. See figure 2 for explanation of graph. 
The dash line represents the high strain, the dotted line the control, and the solid 
line the low strain. Tables 7, 8 and 9 give the data for this graph. 


of six-spotted males. The percentage of six-spotted males never rose as 
high as in the high strains of lines 500 and 502. The extra spots on the 
six-spotted males in the high strain were much less distinct than in line 
502. The control was not started from the original stock of line 504 but 
was originated as a cross between the high and low strains after two 
selections. The control threw a rather high percentage of two-spotted 
males but is shown by the graph as running more irregularly and slightly 
above the low strain. 


Results 


Although in line 504 it was impossible by selection to produce a very 
high percentage of six-spotted males, there can be no question about 
the significance of the results. The divergence of the two lines repre- 
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senting the high and low strains clearly shows what has been accom- 
plished. 


Discussion of the selection experiments 

Selection has been carried out upon three distinct stocks of flies. In 
each case two strains have been produced which behave quite differently 
with respect to the character upon which selection acts. As to how se- 
lection acted is a more difficult problem. There are two conflicting 
views: first, the pure-line view that selection can only isolate existing 
pure lines, or the elimination and accumulation of multiple factors; sec- 
ond, the opposing view until recently held by CastLe that selection modi- 
fies the gene. 

This experiment offers no demonstration of the correctness of either 
view. In the experiment under consideration the object of selection was 
not to increase and decrease the intensity of a given character but rather 
to vary the percentage of individuals showing the character. The char- 
acter was the presence or absence of four spots on a given abdominal 
segment. It was found that each line selected from nature seemed to 
have a more or less characteristic behavior with respect to the presence 
or absence of these spots. The ease with which a strain could be varied 
by selection in a given direction and the range of variation seemed to 
be a characteristic of the strain itself. The easiest explanation of this 
behavior is that this is a case of isolating pure lines. This in a way 
would be comparable to the classic experiments of JOHANNSEN upon 
beans. The difference in range of variation of the different strains is 
hardly sufficiently great to make a good case of this sort. However the 
rather striking difference in amenability to selection in a given direction 
does lend support to the pure-line theory and causes the writer to believe 
that the lines 500, 502, and 504 were all different genetically when taken 
from nature. It should be added, however, that at the end of the selec- 
tion experiment the two high strains of lines 502 and 500 (see discussion 
of results of crosses between various male strains, which follow later in 
the paper) were crossed and the F, results indicated that at least some 
of the factors for spotting were common to both high strains. So 
although the two high strains reacted differently to selection and even 
remained somewhat different at the end of selection, they appeared to 
have the same genetic constitution at the end. Selection may have 
changed the genetic constitution of one of them. The writer is unable 
to see how the assumption of multiple factors would assist in explanation 
of this case and therefore merely presents the observed facts allowing 
the reader to give his own interpretation. 
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Permanency of the strains established by selection 

An experiment was carried out to test whether the difference brought 
about by selection in the high and low strains was permanent. Line 502 
was used in this test and at generation 5 of selection, a strain was isolated 
from each of the high and low strains. These strains were to be carried 
along with the selection strains but the male parents of each generation 
were to be taken at random with no knowledge of the type of spotting 
which they possessed. Random selection was carried on for seven 
generations and then counts were taken of the offspring. The results 
(table 10) show that there had been no retrogression in either strain in © 
spite of the fact that selection had been stopped for several generations. 
In the high strain the count showed that seventy-six percent of the males 
were of the six-spotted type and at generation 5 when this strain was 
isolated to be carried without selection, the strain showed seventy-five 
percent of the males to be of the six-spotted type. So the high strain 
had not changed. At the time that selection was stopped, the low strain 
showed eighty-five percent of the males to be two-spotted and after 
seven generations of mass culture without selection it still showed eighty- 
nine percent of the males to be two-spotted. These two strains were 
carried for twenty-three generations without selection and the intention 
was to make another count after a long period. Pressure of other work 
prevented these counts from being made and finally the two strains 
were killed by the extreme summer heat of Alabama where the writer 
was then located. However, in transferring the flies from generation 
to generation it was observed that there always remained a striking 
difference in the spotting of the two strains and it is believed that the 
effects of selection remained permanent. 


Discussion of behavior of male line 501 

Before discussing the genetic behavior of the various selection strains 
it will be well to consider an unusual type of male spotting which was 
found in the stocks carried. A ntimber of stocks of flies were taken 
from nature at the time that the male selection lines were started. One 
of these stocks (line 501) was observed to produce males which had 
unusually large outside spots on the fifth abdominal segment (see plate 
I, no. 8, page 64). The spots of this outside pair were frequently al- 
most as large as those of the dorsal pair. This was unusual, for these 
spots were ordinarily much smaller than the dorsal ones. Selection was 
started using the most extreme males in an attempt to establish a pure 
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TABLE 10 
Permanency of effect of selection. 
A. After five generations of selection 
Strain selected Type | Type| Type | Type| Type | Type | Type} Type Type| Type Total 
type I 2 6h 
502 low 85 622 | 24] 3|26| 9] 4] 4 
502 high 75 33 | 2 7 3 2 | 62 | 13 5 
B. Same strain after seven additional generations without selection 
502 low | 89 | 2&1 2 I 32 I | 317 
502 high | 76 | 4 I 45 | 13 4 | 217 | 284 


Table 10 shows the permanency of the effect of selection in line 502. Strain 502 low 
and 502 high originally came from the same stock. In strain 502 low selection was 
made for type 1 males while in strain 502 high selection was for type 16 males. (These 
types are shown in figure 1.) After 5 generations of selection in which considerable 
difference was brought about, stocks were taken from the two strains and carried unse- 
lected for seven generations. At the end it is seen that the difference in the two strains 
remained permanent. 


stock of this type of male. Immediately an almost pure stock was ob- 
tained. Practically all of the males possessed the outside pair of spots 
and these spots were unusually large in most cases. Some of the males 
also possessed the middle pair of spots (plate 1, no. 6) making a male 
of the six-spotted type. Selection was carried on for several generations 
until practically all of the males possessed the unusual outside spots. 


Genetic behavior of line 501 when crossed to strain 504 low 

The 501 line was crossed with the low strain of 504. It will be re- 
membered that the low strain of 504 was practically pure for the two- 
spotted condition or the absence of the outside pair of spots which were 
characteristic of line 501. The 501 males and females were each crossed 
with the opposite sex from 504 low. The F, results are shown in 
table 11. Eleven matings were made by crossing the 504 females, by 
the 501 males, and ten matings of the reciprocal cross. The data for 
these crosses show a rather striking difference in the results where the 504 
female was crossed with a 501 male, as compared with the cross in the 
opposite direction. When the female was from 501 there was a much 
higher percentage of the males in the F, showing one or both spots of the 
middle pair than when the male of the same line was used. This is not 
a chance fluctuation but holds true for practically every mating. The 
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middle pair of spots was not the one which was of primary interest in 
this set of matings for only a small percentage of the males of 501 
possess the middle spots. [From figure 1 it can be seen that all of the 
types listed in table 11, except types I and I1, possess one or both of the 
middle spots. When the 501 female was used in the cross, about thirty 
percent of the males in the F, have one or both of the middle spots, but 
when the 501 male was used, less than three percent of the males possess- 
ed one or both of the middle spots. The only explanation that can be 
offered for this peculiarity is that one or more of the genes affecting the 
presence of the middle spots are located in the sex chromosome. Not all: 


TABLE II 
Strain 501 X strain 504 low. 


F, generation 


Type | Type| Type | Type | Type| Type | Type | Type | Type Type | Total 
Type of mating I 214] 1 males 
5042 X 5018 373 I 1539] 18 | 2] 13 | 18 1964 
X 4] 8] 2] 1 } 953} 90] 8 | 311 17 
F, generation 
Type of mating Type|Type| Type| Type | Type] faint | Type | Type | Type| Type| Type, Total 


Faint type 11¢ from 
cross 5049 X 5016 | 314] 14 | 10 | 24 | 19 | 613] 398] 42] 2] 27 | 149 1612 
Type 162 from cross 

5012 X 5048 357| 19 | I | 17 | 15 | 604] 433] 38) 1 | 20 | 148 1743 
Good type 11¢ from 
cross 5012 X 504¢ | 376| 13 3 9 | 11 | 667] 416] 26| 2] 14 95 


1632 


Total for F, generation|1047 46 14 | 50 | 45 |1974|1247| 106] 5 | 61 | 302 4987 


Table 11 shows the results of the cross between strain sor and strain 504 low. Strain 
501 possessed very large outside spots while strain 504 lacked them. In the F, results note 
the difference in percent of type 16 males depending on whether the male or female from 
501 was used in the cross. The F, results indicate that it makes no difference in the 
results of that generation what sort of an F, male is used as father of the F. generation. 


of the genes for the middle spots can be in the sex chromosome, for in 
that case a female from 501 should transmit the character to all of her 
sons in the F, generation. After observing this tendency toward sex- 
linked inheritance of the middle pair of spots in 501 the writer examined 
some of the other data in which the middle pair of spots was involved tc 
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see if the same behavior had been overlooked there. A cross had been 
made between a strain known as the abnormal strain* and 502 high. 
In the abnormal strain the males were practically all two-spotted or 
lacking both in the middle and outside pair of spots, while the males of 
the 502 high possessed all three pairs. In the crosses between these two 
stocks, there was no difference in the F, results whether the male or fe- 
male from 502 high was used. There is no indication of sex-linked in- 
heritance with respect to the middle pair of spots, though such linkage 
should have been manifest in this cross since the abnormal strain was 
practically pure for the absence of the middle pair of spots while the 
502 high was practically pure for their presence. Thus it seems neces- 
sary to conclude that there is a gene in the sex chromosome in line 501 
which influences the presence of the middle pair of spots while in strain 
502 high none of the genes influencing the inheritance of the middle pair 
of spots are in the sex-chromosome. 

Turning now to the genetic behavior of the outside pair of spots for 
which the cross between 501 and 504 low was made, it will be seen from 
table 11 that in the F, there is a more or less incomplete dominance of 
the presence of the outside spots in 501 over their absence in 504 low. 
The count shown in the first column (type 1) of the table represents the 
males with neither outside spot while practically all of the other columns 
were for males which possessed one or both of the outside spots. As to 
the percentage of the males in the F, showing the outside spots, it seems 
to have made no difference whether the male or female from 501 was 
used in the cross. However, one difference was evident in the F, genera- 
tion between the crosses where the 501 male or female was used in the 
mating. When the female of the cross was from 501 the male offspring 
showing the outside spots in the F, showed them in greater intensity 
than when the 501 male was used in the cross. In the cross of 501 male 
by 504 female, the outside spots which appeared on the males of the F, 
generation were rather faint. When the cross was made in the opposite 
direction many of the male offspring were almost typical 501 males with 
respect to the intensity of the spots. The F, results are also given in 
table 11. Three types of matings were made in the F, generation. From 
the F, of the cross 501 female by 504 male, both the six-spotted males 
and the almost typical 501 males were mated to sisters while in the F, 
of the cross 504 female by 501 male, the males showing the outside 
spots faintly were mated to sisters. The F, results show no difference 
between these three sorts of matings. In the table of the F, results the 


4The behavior of this strain is discussed later in this paper. 
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column headed type I1 represents the count of males which were’ 
typical 501 while the column just preceding it contains males with the 
cutside spots showing faintly. The males which show the outside spots 
faintly are probably heterozygous while the apparently typical 501 males 
are probably pure, segregated males of that type. The males in the 
first column are typical 504 males with only the dorsal pair of spots. 
Some of these typical 501 and 504 males were taken from the F, genera- 
tion and mated back to females trom their respective lines. The re- 
sulting offspring were typical of the line to which the males were back- 
crossed showing that the two types of males used in the cross had seg- 
regated after the Mendelian manner. 

These crosses indicate that the outside pair of spots which are 
characteristic of line 501 is inherited in the usual Mendelian manner 
except that there is a lack of dominance of its presence or absence. 
There is a difference in the intensity of the outside spots on males of the 
F, generation depending upon whether the 501 male or female is used in 
the cross. The more intense spots appear when the 501 female is used. 
This might be taken to indicate that a sex-linked factor is involved in 
the inheritance of the outside spots. There is fairly definite evidence 
from the crosses made that sex-linked inheritance is involved in the trans- 
mission of the middle pair of spots in 501 although there is no evidence 
that the same spots in other stocks are inherited in that way. 


Effect of temperature on the male spotting 


During the course of the selection experiment it was fairly evident 
that some environmental factor was influencing the male spotting. Ob- 
servations indicated that temperature was such a factor and to test this 
out a series of experiments were planned. These experiments were car- 
ried out at the tenth generation of selection when the divergence of the 
high and low strain was about as extreme as at any time during the 
selection experiment. The strains 500 low and high and 502 low and 
high were used in the tests. It had been noted that low rather than high 
temperature seemed to affect the results ordinarily obtained under room 
temperatures, so attention was directed chiefly to the effects of low tem- 
peratures as compared with room temperature. 

A set of matings was made from each strain, some of them being kept 
under room temperatures (17°—23°C), and others being placed in a 
basement room where the temperatures ranged between eleven and 
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TABLE 12 
Effects of temperature on spotting of males. 


A. Strain 500 low 


Temperature Type type | type| Type| Type| Type| Tspe| Type Type| Type Total 
condition 1 | 2 | 4| 5| 6| 11 | 12 | 13 | 15 16 | males 
Room (17-23° C)} 546 | 5 | 6 | 9 | 3 | 579 
Basement (11-15° C)} 69 | 418 6 | 3 4 | 520 
B. Strain 500 high 
Room (17-23° C)| 99 | 10 | 12 | 23 | 28 | 49 | 23 | 6 | 24 | 422 606 
Basement (11-15° C) | 54 | I0 | 15 73 | 152 
C. Strain 502 low 
Room (17-23° C) 92 I 4 1 | 166) 7 Ps | 8 284 
Basement (11-15° C); 4 | 249 | I 254 
D. Strain 502 high 
Room (17-23° C) | | 1 | 502 503 
Basement (11-15° C) 15 8 | 5 97 125 
Incubator (25° C) | | We. | 61 62 
f ; In table 12 are shown the results of a series of experiments to test the effect of tem- 
: perature on the spotting of males. Under room temperatures strain 500 low was almost 
es be pure for type 1 males, while strain 502 high was almost pure for type 16 males. Strain 
5 500 high gave a fairly high percent of type 16 males under room temperatures while 
re strain 502 low gave a good percent of type 1 males. From the tables it will be seen that 
y the lower temperatures caused an increase in the type 11 males or in other words they 
7. brought out the outside pair of spots in all strains in which it did not already appear. 
: t fifteen degrees centigrade. The species will not breed under temperatures 


much lower than those in the basement. The results are shown in table 
: 12. No effects of high temperature had been observed in the labora- 
4 a tory, but to test the effect of high temperatures one culture of 502 high 
4 was reared in an incubator where the temperature was kept at 25°C. 
: : Strain 500 low which at room temperature produced almost exclusively 
:s males of the two-spotted type, reacted quite differently at lower tem- 
peratures. When 500 low was reared at the basement temperatures a 
large percentage of the males possessed very distinct outside spots. 
The middle pair of spots was not affected by the low temperatures. 
i Strain 500 high which at room temperatures ordinarily produced a large 
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majority of six-spotted males, at basement temperature produced no two- 
spotted males at all, but only males having the outside pair of spots. 
Strain 502 low never produced, as high a percentage of two-spotted males 
as the other low strains. This strain proved to be always more suscep- 
tible to the effect of low temperatures. The count for room temperature 
in table 12 is hardly characteristic of the strain, for at that time the per- 
centage of two-spotted males was somewhat low. In the stocks of 502 
low reared at the basement temperatures practically all of the males were 
those possessing the outside pair of spots. The stock of 502 high which 
at the time of the test was practically pure for six-spotted males when ' 
reared at room temperatures was also reared in the basement room. 
Since this stock was, at room temperatures, already pure for six-spotted 
males, low temperatures could not increase the percentage of males pos- 
sessing the outside pair of spots. The results show that the low tem- 
peratures had no effect on the outside pair of spots but did seem to reduce 
somewhat the number of males possessing the middle spots. Instead of 
being pure for six-spotted males as was the condition under room tem- 
peratures a few of the males had one or both of the middle spots missing. 
Strain 502 high was also subjected to high temperatures. It was reared 
in an incubator where the temperature was kept at 25°C. Table 12 
shows that results obtained at this temperature were not different from 
those obtained under room conditions. 

These tests show that the outside pair of spots could be brought out 
by low temperatures regardless of the spotting condition of the strain 
induced by selection. Even in lines where none of the males under room 
temperatures possessed the outside spots, these spots could be made very 
distinct in a large majority of the males under lower temperatures. In 
strains where the males did not possess the middle pair of spots under 
room temperatures, the lower temperatures did not bring out these spots 
as it did the outside pair. Strains which under room temperatures 
possessed the middle pair of spots showed a tendency to lack them at low 
temperatures. In fact the lower temperatures showed a slight tendency 
to reduce the distinctness of this pair of spots. The lower temperatures 
also had a tendency to intensify the general pigmentation of the fly. 
Temperatures higher than room temperatures seemed to have no effect 
upon either the middle or outside pair of spots. It is true that the data 
on the effects of higher temperatures are rather meager and more mat- 
ings would have given more conclusive results. It was the intention to 
test this out further at a later date but pressure of other work has made 
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this impossible. However, judging from observations made during the 
course of the selection experiment, I feel confident that more extensive 
data would only substantiate the results already recorded. 

The facts brought out by this experiment have a definite bearing upon 
the selection experiments. Low temperatures occasionally encountered 
in the laboratory would have considerable influence upon the results of 
the selection experiment. This effect, especially upon the low strains, 
was noted several times. The effect of low temperatures is responsible 
for some of the irregularities in the graphs representing the behavior 
of the strains (see figures 2, 3 and 4). The rather sudden upward 
divergence of the graphs for the low strains near the end of the selection 
experiments can be correlated with a period of low temperatures which 
decreased the percentage of two-spotted males. 


Crosses between the various male strains 


At the end of the selection experiment when the various male strains 
had become fairly well established, crosses were made between some of 
them. <A large series of experiments were planned but only a limited 
number were carried out because of the interference of other duties. 
Two types of matings were made, one set in which the high and low 
strains of the same line were crossed and the other in which the high 
strains of two different lines were used. 

For the set of matings where the high and low strains of the same 
line were crossed, line 500 was used. Generation fifteen of the 500 low 
was crossed with generation fourteen of strain 500 high. The cross, 
500 low male by 500 high female, and its reciprocal were both made and 
the results from the two types of crosses were the same (table 13). As 
to dominance or recessiveness, it would hardly be expected that either 
strain would act as a complete dominant for neither was absolutely pure 
for its type. The F, results show a high percentage of the males to be 
of the two-spotted type, but there are also considerably more six-spotted 
males than were to be found in the low strain. So the results show 
spotting in the males which is intermediate between the two strains. The 
lack of Mendelian ratios is probably due to the lack of dominance of 
either type. This would affect not only the F, generation but also the 
ratios obtained in the F., generation. 

For the cross between two high strains, lines 500 and 502 were used. 
The fourteenth generation of the 500 high was crossed with the same 
generation of the strain 502 high. At the time of the cross the 502 high 
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TABLE 13 
F, generation of crosses between various male strains. 


A. Strain 500 high X strain 500 low 


| 
Type of Type | 


Type| Type| Type | Type|Type| Type| Type} Type} Type | Total 
cross ig | 4) 6) males 
500 high2 X 500 lowé) 245 | 17 | | | I 50 300 
500 low? X 500 highs 465 | 17 | 1 | 18 | 11 | 47 8 5 40 612 
Total 710 4 | 2 7 23 | 81 | 18 6 99 IOII 
B. Strain 502 high X strain 500 high 
| | 
502 high@ X 500 high 3 5 2 1 | 14 5 425 452 
500 high X 502 high$) 4 I 3 I 1 | 136 146 


Total Ba é | 


The results in table 13 are for the crosses between the high and low strains of line 
500 and between the high strains of lines 500 and 502. The condition of the two strains 
of line 500 at the time of this cross is shown in the last generation of selection of these 
strains (tables 1 and 2). The cross gave a result which was intermediate between the 
two strains. The cross between the two high strains gave a result which might be con- 
sidered like either strain since the two strains were very similar at the time of the cross. 


strain was practically true for the six-spotted type of males while strain 
500 high still threw a few two-spotted males in each generation. The 
cross was made in both directions with no difference resulting between 
the two types of crosses. The results found in table 13 show a very high 
percentage of six-spotted males. The results which are about charac- 
teristic of either strain show that the same factors are responsible for 
the spotting character in each strain. 


Summary 


1. Selection was effective in changing the percentage of two- 
spotted or six-spotted males in a strain. There was a difference in 
amenability to selection of the different lines taken from nature. 

2. The effects of selection remained permanent, at least for several 
generations. 

3. The crosses with the 501 type of male indicate that there is sex- 
linked inheritance involved in the case of both the middle and outside pairs 
of spots. 


Genetics 5: Ja 1920 


86 DON C. WARREN 


4. Low temperatures tend to bring out the outside pair of spots 
on the male and also seem to have a slight tendency to cause the middle 
pair of spots to disappear. 

5. Neither type is dominant in the F, generation when strains with 
two-spotted males are crossed to strains with six-spotted ones. 

6. The results of crosses between the high strains of different lines 


indicate that their spottedness is due to the same factors. 


FEMALE SPOTTING 


Abnormal female 

While examining flies on March 16, 1916, in one bottle, six females 
were found which had the middle pair of spots missing from the fourth 
abdominal segment. The other two pairs of spots were normal in size 
and position but there was no indication of the middle pair (plate 1, no. 
5, page 64). These females were mated to brothers and from this mat- 
ing originated a strain of flies which was called the “abnormal female” 
strain or for the sake of brevity the “ab” strain. This strain is charac- 
terized by the absence of the middle pair of spots from the fifth ab- 
dominal segment. 

Since there is sexual dimorphism in the spotting of the fifth abdominal 
segment, the problem of analyzing the spotting inheritance became rather 
difficult. In mating the original ab females to brothers, the males had 
to be selected blindly, as there was-no way of knowing what relation if 
any, the male spotting bore to the female spotting. So in selection for 
purity with respect to the ab condition, the type of males used was kept 
constant, only those being used which possessed but one pair of spots, 
the large dorsal ones (plate 1, no. 1). 


Selection of ab strain 

As already mentioned the six original ab females were mated to two- 
spotted brothers in stock culture and the total of their offspring showed 
576 normal females and 105 ab females. (It might be said here that 
these early counts of ab females are not absolutely accurate as there are 
always a few flies which have the ab spotting on one side and normal on 
the other. These intermediates at first were called ab or normals de- 
pending upon the intensity of the spots. Later they were recorded in 
the counts.) It was hoped that by mating ab females to their brothers 
a pure strain, with respect to the ab female, might be established. At 
first the results seemed rather puzzling for in each cross ab females were 
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TABLE 14 
Selection from the original abnormal females to establish a pure abnormal strain. 


Generation 226 N-6 ab 


I 6 | 


| 
576 N-105 ab 


2 


245 N-74 ab 


3 6 ; | 3 


| 
53 N-115 ab 63 N-62 ab 
4 I 4 Ra: 28 29 32 "Se 


| 2 
| | 4 | 
| 2N-30ab 2N-20ab 10 N-121 ab 1 N-66ab 1 N-53 ab 10 N-80 ab 33 N-95 ab 


4 3 5 17 18 19 21 
| | | 
6 N-131 ab o N-79 ab 1 N-64 ab o N-44 ab 20 N-g1 ab 12 N-72 ab 
| 
5 II 12 13 26 22 23 


| | 
18 N-44 ab o N-33 ab 9 N-66 ab 13 N-7 ab o N-7 ab 1 N-5 ab 


The letter “N” in table 14 indicates normal females and “ab” stands for abnormal females. 
The figures above the line indicate the mating number in the generation. This selection line 
was lost at the end of the fifth generation. 


obtained but the relative number of ab and normal females was quite 
variable. Table 14 shows the selection which was carried on for five 
generations. It will be seen that in the fourth generation of selection 
there were two matings (matings 5 and 18) which gave only ab females. 
Similar results were obtained in the fifth generation. Unfortunately at 
this time the selected strain was lost, due to the extreme summer heat. 
Previously, however, the ab strain had been crossed to a wild strain 
which did not show the ab condition in the females. From the F, of 
this cross a few ab females were saved and mated to brothers and in 
this way the selection was renewed. 

It should be noted that the cross from which the ab strain was re- 
gained was one in which a male from the ab strain had been mated to a 
normal female from a wild strain (recorded as original cross in table 15). 
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Although the male himself did not show the ab character, he was capable 
of transmitting it to his offspring. In the F., or generation B, a large 
number of flies were obtained and the selection for a pure ab strain was 
once more started. In the third generation eighteen matings were made 
with the ab females as mothers, and in only one case (mating C8) were 
the females obtained all ab and this was probably due to chance as the 
count was very small. In generation D-the ab females were used in 
twenty-nine matings and six of them proved to be pure with respect to 
the ab condition. It was then thought that the strain had reached purity 
for the ab condition and thirteen matings were made from among the 
offspring of the matings which bred true. The results of this genera- 
tion were again disappointing as the thirteen matings did not all breed 
true. Four matings were made from D27 and they were all pure, five 
were made from D44 and none of them were pure, four were made from 
D45 and two were pure. These inconsistencies could ‘not be explained 
at this time but later matings added new light which made them ex- 
plainable. From among the offspring of D27 more matings were made 
all of which bred true again. This is the origin of the ab strain which 
has bred true for many generations. 

While the strain producing the ab females was being selected for 
purity, back selection was also attempted. This was to see if selection 
was effective in both directions. From mating Br (table 15) back 


% 


TABLE 15 
Selection in strain producing abnormal females. 
Female spotting Female spotting 
Generation | Parent | Generation Parent; 
| Normal | Ab Left ‘eae | | Normal Ab Left | Right 
Original E; | Da | 135] 3] 5 
cross 9 E8 | Drs 130 I 
A2 | 6 7 | Err | Dis 22 171 5 5 
Br A2 | 200 138 34 3I E13 | D3o0 17 
cs Bre | 5! 92 18 II Ers D31 117 
C3 Br | 46 48 8 5 | E16 D44 8 04 10 4 
5 Br | 70 36 6 II | E17 | D27 69 
C6 Br | 16 65 9 | Io E18 | 12 124 
C7 Br 105 30 10 6 E20 D27 126 
C8 Br. 5 Ear D27 | 128 
Cro Br | 59 10 7 | E23 | 13 | 62 2 3 
C12 Br E2 D4s | 57 | 165 5 7 
C13 E27 Dis | 7 | 349 12 Ir 
C16 8 | 16 E28 | | 135 | 
Cy E29 D30 | | 125 | 
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TABLE 15 (continued) 


Female Spotting | | Female spotting 
Generation | Parent| Generation| Parenti 
| Normal | Ab Left hee | Normal | Ab Left | Right 

C18 31 54 20 5 4 E30 D3o0 | 115 2 

Ci9 Br 24 33 7 5 E33 D33 I 179 I 

Car Br 3 II 2 2 E34 D33 4 153 2 

C22 Bi 26 33 7 4 E36 N44 2. 159 6 12 

C26 Bi 9 69 6 6 E37 D44 31 | 155 9 3 

C27 31 3 14 I E39 D4, | 2 251 =}. 

C32 Br 2 18 I I E4o D45 | I 237 1 

D2 Ci 8 81 4 D45 198 I 

D3 C4 10 26 5 3 E42 D45 63 

D4 C4 39 67 3 9 E47 D4 27 | 242 8 7 

D6 C4 29 46 6 3 Fr Erg 161 

D7 C3 46 16 2 4 F2 E20 | 176 

D8 C3 7 | 4| 4| 7 F3 E20 | 84 

Do c3 26 14 2 3 F4 E20 82 

Dit C6 2 16 4 Fs 20 175 

Di2 C5 14 14 2 3 F6 E28 222 

Di3 5 25 30 4 2 F7 E28 7 

Di5 C6 43 50 6 II F8 E28 254 

D16 ae 3 41 2 2 Fo E28 178 

D117 C3 4 64 I 2 Fir E41 I 316 4 2 

D18 C4 F13 E41 37 | 8) 7 

D22 C12 81 | 1 E25 | 251 | 19 | 13 

D26 cs 25 | 250 71 413 | Fi7 E37 6 | 133] 5 5 

D27 C12 08 F18 E37 | 2 | 106 | I 

D30 | tag | | 1s | 7 3 

D31 C8 7 16 | 3 | F25 E2, | | 2 

D33 C12 9 23 2 F26 E24 | | 240 2 

D37 C6 27 F29 E24 | 84 | 159 | 22| 16 

D38 C6 18 36 3 3 F30 Eqr | 15 | 207 | 12 3 

D44 C26 253 I F31 E29 | 414 I 

D45 C26 138 2 F32 | Ba] 2 | 370 

D46 C32 93 Gi | Fo | 195 | 1 

D47 C32 10 31 2 I G2 F2] 176 

D49 C32 16 37 4 6 G3 Fs | 401 

Dso C26 I I G4 F2 | 66 

Ds1 C32 5 30 I 2 Gs FS | 100 

Ei Dis 10 | 285 8 | 12 G6 F2 | 128 

E2 Dis 14 | 288] m1 13 7 Fs | 59 

E3 Di5 247 I Hr G3 | 186 

F4 D2 57 || He G3 | 198 

Es D2 I 4 2 Ir Hr | 67 

E6 D2 + 1. 2 I2 o | 214 

Table 15 shows the selection required to bring the abnormal strain to purity. The letters 
in the column to the left indicate the generation of selection and the figures which follow 
them indicate the mating number in the generation. “Left” indicates a female which is 
abnormal only on the left side and “right” one which is abnormal on the right side. 
Genetics 5: Ja 1920 
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TABLE 16 
Back selection of abnormal strain. 


Generation Bt 
200 N-138 ab 
I 14 | 
153 N-3 ab 
2 20° 21 | 29 32 


| 
50 N-6 ab 61 N-24 ab 64 N-8 ab 16 N-2 ab 
| 


3 | 25 


133 N-130 ab 


| 
4 14 | 15 20 22 


103 N-95 ab 233 N-126 ab 151 N-8 ab 129 N-19 ab 11 N-137 ab 


250 N-o ab 427 N-15 ab 
| 
| 
371 N-18 ab 147 N-56 ab 
| 
224 N-9 ab 40 N-17 ab 3» 
8 6 5 
313 N-4 ab 203 N-72 ab o 
9 2 I 
| | 
283 N-o ab 395 N-65 ab 


Table 16 gives the results of selection for the normal female in the strain producing 
a high percent of abnormal females. The selection here is in a direction opposite to 
that in table 15 but started with mating Br of that table. At generation 6 selection 
was again reversed (selecting for ab females) and is shown as the offspring of mating 
4 of generation 6. The selection for normal females was still continued and is shown 
as the offspring of mating 6 of generation 6. 
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selection was started, using normal females. At the time back selection 
was started the strain was throwing about an equal number of ab females 
and normal females. Selection of this sort was carried on for nine 
generations and the strain became practically pure for normal females 
(table 16). In the fifth generation of back selection when the strain was 
approaching purity for the normal females, selection was started again in 
the reverse direction. This was done by using ab females as mothers. 
Selections in opposite directions were carried along for four generations, 
by which time one strain had become practically pure for the normal 
female, while the other was again throwing a large percentage of ab 
females. These experiments show that selection is effective in either 
direction before purity is reached and that purity may be reached for 
either type if selection is carried far enough. 

The question as to how the ab strain originated,—whether as a simple 
mutation from the beginning, or as a result of selection—will not be 
discussed at present. Before taking up this question we will examine 
the results of the matings of this strain to normal strains. These mat- 
ings were made in attempting to analyze this variation. 


Matings of the ab strain with the normal strain 500 low 

The strain 500 low to which the ab strain was crossed was one which 
had been bred in the laboratory for six generations and was in no way 
related to the ab strain. The males of this strain were almost all of 
what may be called the normal male type, having only the two large 
spots. The 500 low strain had been selected for three generations for 
the above type of male and from the beginning showed a tendency to 
produce males of that sort. The females of the 500 low strain were all 
normal, that is, having a full set of six spots. In all strains bred in the 
laboratory a few ab females appeared, but they seemed to be somatic 
variations as will be shown later (page 102). Since this strain was very 
similar to the ab strain, as far as the male spotting was concerned, and 
normal with respect to the female spotting, it was considered a good 
strain with which to cross in testing the genetic behavior of the ab strain. 

As will be seen in table 17 twelve matings were made between ab- 
normal females and males of the normal strain, and nine matings were 
made between males of the abnormal strain and females of the normal 
strain. For the first type of cross the totals were 977 normal females, 
1645 ab females, 329 “left’’ females and 273 “right” females.* In the 


1 By “left” female is meant a female which is abnormal only on the left side and the 
expression “right” refers in the same manner to the right side. 
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TABLE 17 
F, generation of cross abnormal strain X normal strain 500 low. 


Abnormal @ X normal ¢ | Normal 2 X abnormal ¢ 
Mating Female spotting ‘| Mating Female spotting 
b b 
numer | Normal | Ab | Left | Right} | Normal] Ab | Left | Right 
150 57 158 17 17 | 157 164 190 42 46 
I5r 64 81 30 19 158 204 206 56 
153 15 142°] 19 15 159 35 gl 21 
154 72 124 28 21 168 66 177 27 
155 7 187 25 29 169 123 329 51 
162 24 103 14 13 | 170 75 261 43 
163 57 77 17 II | 171 24 158 13 
164 53 92 22 24 | 172 52 183 30 
165 gI 26 13 8 250 154 230 60 
166 92 139 33 26 | 
188 281 227 71 49 
231 92 289 40 41 | 
Totals 077 1645 329 273 | Totals | 897 1833 343 326 


are shown. 


Grand total, 1874 normals, 3478 abnormals, 672 lefts, 599 rights. 


In table 17 are shown the F, results of a cross between the abnormal female strain and 
strain 500 low. The females in strain 500 low were all normals. Crosses in both directions 
Both normal and abnormal females appeared in the F, generation with about 
twice as many abnormals as normals. 


second set of matings in which the male from the ab strain was used the 
totals were 897 normals, 1833 abnormals; 343 lefts and 326 rights. 
These matings were all single-pair matings. The total of the F, is 1874 
normals, 3478 abnormals, 672 lefts and 599 rights. These F, results 
threw very little light upon the nature of the abnormal variation. They 
do show however that either the male or the female of the ab strain will 
transmit the ab character even though the males do not show it. It is 
also seen that the ratio of abnormals and normals is about the same re- 
gardless of which way the cross was made. 

In order to carry the analysis still further F, matings were made 
(table 18). Since there were both ab and normal females in the F, it 
was necessary to make two types of matings in the F., that is, ab females 
with brothers and normal females with brothers. The totals for the 
first type of matings were 945 normals, 1248 abnormals, 138 lefts and 
112 rights, and for the second type 1879 normals, 1415 abnormals, 167 
lefts and 159 rights. If the ab condition acts as a Mendelian character 
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there should be no difference in the genetic constitution of the two types 
of females in the F;. Then F, ab and normal females when crossed 
should behave the same with respect to the sort of offspring to which 
they give rise. Three types of crosses were made in which the behavior 
of these two sorts of females can be compared: (a) F, females back- 
crossed to the pure ab strain, (b) F, females back-crossed to the normal 
strain which was used in the cross, and (c) F, females by brothers. The 
totals for the results of these crosses are shown in table 19. Considering 
the individual matings the results seem quite variable in each type of 
mating, but the totals show evidence of a slight difference in behavior 
of the two types of females appearing in the F,. Where the two types 
of females were back-crossed to the pure ab strain there is a higher re- 
lative number of females, as compared with the number of normals pro- 
duced when the ab female was the mother. Where the cross was a 
back-cross to the normal strain there was no apparent difference be- 
tween the two females, but again when they were crossed to their brothers 


TABLE 18 
F, generation of cross abnormal female strain X strain 500 low. 


Abnormal F, 2 X normal brother Normal F, 2 X normal brother 
Mating Female spotting Mating Female spotting 

Normal Ab Left | Right Normal Ab Left | Right 

154 AI 80 125 20 13 154 A3 164 177 10 13 
154 A2 73 177 5 9 157 AI 114 137 18 22 
157 A3 167 157 27 20 157 A2 178 200 12 21 
157 A4 126 101 15 8 157 AS 166 113 II 5 
162 AI 107 179 15 16 157 A6 188 156 24 15 
164 A3 63 172 14 II 164 AI 101 72 II 4 
164 A4 105 213 19 16 164 A2 87 146 9 14 
169 AI 83 28 5 5 169 A4 128 89 10 10 
169 A2 141 06 18 14 | 188 Ar 262 148 33 17 
250 AI 317 88 13 20 

251 AI 174 80. 16 18 

Totals 045 1248 138 112 Totals 1879 1415 167 159 


Grand total, 2824 normals, 2663 abnormals, 305 lefts, 271 rights. 


In table 18 showing the F, results of the cross abnormal female strain by strain 500 low, 
the grand total shows about an equal number of abnormal and normal females. However 
the ab F, female gave a higher percentage of abnormals in the F, than the normal female 
from the same generation. 
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a higher relative number of ab females appeared when the maternal 
parent was an ab female. With the large number of individuals ex- 
amined in these crosses it hardly seems possible that these variations 
could be due to chance. Assuming that ab is an ordinary Mendelian char- 
acter, these two types of F, females should react the same genetically, 
but when they are each crossed to males of the same type, they each 
tend to beget young which show a higher percentage like their mothers. 
Although there is a variation in their behavior the preponderance is never 
large enough to obliterate any class of individuals which should have 


TABLE 19 


A comparison of the behavior of the two types of females appearing in the F, generation. 


F, ab female F, normal female 
Type of male used Female spotting | Female spotting 
sedis Normal | Ab | Left | Right | Normal] Ab | Left | Right 
Male from pure nor- 
mal strain 2706 382 142 138 2812 486 133 127 
Male from pure ab 
strain 203 2922 110 81 223 1588 103 81 
I’, brother 045 1248 138 112 1879 1415 167 159 


Table 19 shows the results of three types of crosses comparing the behavior of the two 


types of females found in the F, generation. 


In two of the crosses the F, ab female pro- 


duced more abnormals than her normal sister. 


segregated out. The factor which brings about the difference seems to 
play entirely upon the heterozygous individuals and therefore does not 
prevent the ab condition from still being considered as behaving in a 
Mendelian manner. 

The F, normal and ab females were back-crossed to the respective 
strains from which they came, to test whether there was Mendelian 
segregation. These results are shown in table 20. Where the F, ab 
female was back-crossed to a male from the ab strain, eight of the 
fifteen matings were pure for the ab condition. Where the F, normal 
female was back-crossed to a male from the normal strain, nine out of 
the fifteen matings bred practically pure for the normal condition. The 
same sort of back-crosses were made in the F, generation (see table 19). 
Out of ten crosses between F, ab females and males from the ab strain 
no matings went pure for the ab condition and likewise no all-normal 
counts were obtained from making eight crosses between F, normal 
females and males from the normal strain. 
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TABLE 20 
Back crosses of the two types of females appearing in the F., generation. 


F, ab 9 XX pure ab F, normal 2 X pure normal ¢ 
Mating Female spotting | Mating Female spotting 
| 

205 141 210 308 10 10 14 

206 19 109 2 3 211 56 4 2 

207 22 04 9 7 \\ 212 321 10 7 15 

208 157 | 213 387 5 6 4 

200 39 | 214 220 21 9 10 

220 14 222 10 4 218 208 57 18 12 

221 67 225 369 

222 3 61 I 226 314 

223 17 157 9 7 227 227 I I 3 

224 223 228 269 49 18 15 

241 86 I 220 210 I 

256 43 251 5 10 | 263 361 I I 

266 20 268 9 17 | 264 336 I I 

269 80 | 265 278 2 4 3 

27 113 | 267 263 I I 


The crosses in table 20 were to test the segregation of the normal and abnormal females 


in the F, generation. 


Ab females from the F, generation were hack-crossed to males of 


the pure ab strain while normal females of the same generation were back-crossed 
to males of the pure normal strain. 
acted as pure abnormals and in the latter cross, nine out of fifteen of the females acted 
as pure normals, 


The fact that pure stocks were regained by back-crossing the two types 
of F. females to the stock from which they originated, indicates that 
there is Mendelian segregation. That this could not be done with 
apparently the same types of females from the F, also shows Mendelian 
behavior. 

Some of the F. females having a spot on one side only (recorded as 
lefts or rights) were tested as to their genetic constitution. The test was 
made by back-crossing them to the original strains from which they 
came. The number of such crosses was not large but in all of them 
toth abnormal and normal females appeared, showing that the females 
used were heterozygous flies. So the flies indicated in the tables as lefts 
and rights are probably individuals which are heterozygous for the ab and 
normal condition. 
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Summary of various types of matings in testing the behavicr of ab when 
crossed to the strain 500 low 

1. In the F, generation resulting from the cross between the ab 
female and the 500 low strain and its reciprocal, there is not a dominance 
of one or the other of the contrasted characters. Both types appear in 
F, with about twice as many abnormals as normals. Both males and 
females from the ab strain are capable of transmitting the ab character 
although only the females show it. 

2. The two types of F, females when back-crossed to their respective 
original strains did not give pure stock, showing that these females were 
heterozygous and there was no segregation in this generation. 

3. The two types of F, females gave slightly different ratios when 
crossed to males of the same genetic constitution. The F, ab female 
gave more abnormals than the F, normal female when they were crossed 
to the same male. 

4. There was Mendelian segregation in F2 of the two original types. 
This was shown by back-crosses of the two types of females in F, and 
results of the F, generation. 


Crosses between the ab strain and strain 502 high 

In an attempt to further analyze the genetic behavior of ab, the ab 
strain was mated to strain 502 high. The strain 502 high was like 500 
low so far as the female condition was concerned, that is, all the females 
were normal, i.e. with a full set of six spots. The only difference be- 
tween these strains was that the males in strain 502 high had been selected 
for a full set of six spots while the strain 500 low had been selected 
jor the normal or two-spotted male condition. 

To the writer’s surprise entirely different ratios were obtained (table 
21) in F, when the ab strain was crossed to the strain 502 high. With 
apparently the same environmental conditions as before,.a large majority 
of the F, flies were normal. There was practically a dominance of the 
normal condition over the ab. Out of the 1965 F, females examined 
only 71 were abnormal. 

These F, results are quite different from those obtained when ab was 
crossed to strain 500 low (table 17). The count for the F, generation | 
of the cross of ab with 500 low was 1874 normals, 3478 abnormals, 672 
lefts and 599 rights. For the abnormal-by-502-high cross the counts were 
1756 normals, 71 abnormals, 69 lefts and 69 rights. Since there is 
almost complete dominance of the normal condition over the abnormal 
condition in crossing ab by the 502 high strain, it would be expected that 
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TABLE 21 
Totals of the F, and F, generations of the 
cross abnormal strain X strain 502 high. 


F, generation 


Female spotting 


Normal Ab Left Right 


1756 71 69 69 


F, generation 


3169 54 47 


The counts in table 21 are the results of the F, and F, generations of the cross 
between strain 502 high and the abnormal female strain. Very few abnormals ap- 
peared in the F, generation and an approximate 3:1 Mendelian ratio was obtained 
in the F, generation. Note that the ratios in this cross are quite different from those 
obtained in the cross, abnormal female by strain 500 low. 


the usual 3 to_I ratio would be obtained in the F,. This was found to 
be true as will be seen in table 21. The totals for the F, were 3169 
normals, 1117 abnormals, 54 lefts, and 47 rights. F, data were obtained 
from ab female by 502 high male and the reciprocal cross, but the ratios 
were approximately the same in each. 

F,, matings were also made to see whether a pure ab strain might be 
extracted. Fourteen matings were made of which two bred true to the 
ab condition. Since there is almost complete dominance of the normal 
condition, probably all of the ab females obtained in the F, are pure 
abnormals. There is no way to determine the genetic constitution of 
the males with respect to the ab condition except by breeding. One- 
fourth of the males should be pure for the ab condition, so one-fourth 
of the F; matings should have yielded only abnormals. Only two out 
of fourteen matings were of this character, but this shortage was prob- 
ably due to chance because of the small number of matings. 

Here we have the ab condition acting very much as an ordinary 
Mendelian character, the normal condition being almost completely 
dominant in the F, generation. The only thing unusual about this set 
of matings was that there was such a difference in behavior of the ab 
character here as compared with its behavior when crossed to strain 500 
low. The explanation for this is found in the results of the tests which 
follow. 
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Genetic behavior of the ab strain when crossed to various strains 

Since such a difference was found in the F, behavior of the ab strain 
when crossed to strains 500 low and 502 high, it was decided to test its 
behavior with all of the strains carried. The strains used were the selec- 
tion strains of the experiment upon the male spotting. The females in all 
these strains were normal, having a full set of six spots. The only dif- 
ference was that part of the strains had been selected for males with 
two spots while the rest were selected for the six-spotted condition of 
the males. When these matings were made the high strains had attained 
a condition in which a large percentage of the males were of the desired 
type with six spots, and likewise the low strains possessed mostly two- 
spotted males. The matings were all made at once and subjected to as 
nearly identical environmental conditions as possible. When the F, 
counts were made the same difference was again found to exist between 
the ratios when ab was crossed to 500 low and 502 high. Some other 
rather striking results were obtained from this series of crosses. 

The results show that the dominance or recessiveness in the F, is 
affected by the degree of spottedness of the males in the strain in which 
the ab strain is crossed (see table 22). All three of the strains which 
are called high give almost complete dominance of the normal female 
condition over the ab in F, while the low strains crossed to the ab strain 
yield nearly half or more of abnormal F, females. The ratios obtained 
were as follows: In line 500 the low strain produced 307 normals to 
289 abnormals, and the high strain 710 normals to 44 abnormals; in 
line 502 the low strain, 176 normals to 259 abnormals, and the high 
strain, 457 normals to 7 abnormals; in line 504 the low strain, 166 nor- 
mals to 427 abnormals, and the high strain, 296 normals to 93 abnormals. 
Since this consistent difference appeared in the reaction of the high and 


TABLE 22 
Results of F, generation in crossing abnormal strain with male-selection strains. 


Strain Female spotting Strain Female spotting 
with ab Normal Ab Left | Right with ab Normal Ab Left | Right 


500 low 370 289 60 72 || 500 high 710 44 28 18 
502 low 176 250 23 24 || 502 high 457 7 12 | 8 
504 low 166 | 427 | 37 | 45 || soghigh | 296 | 93 | 20 | 15 


Table 22 shows the difference in reaction of the abnormal female strain in the F, genera- 
tion when crossed to thé various strains of the male selection lines. The percent of ab 
females is much higher in crosses to the low strains than in the crosses to the high strains. 
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low strains in crosses to the ab strain when all environmental factors were 
kept constant, it seems that the difference in genetic constitution of the 
two strains is the responsible factor. 


Relation of temperature to genetic behavior of abnormal 
female condition 

After the ab strain became once established it was quite evident that 
variations of temperature had no effect upon it, for although there was 
considerable fluctuation in the temperature of the laboratory the strain 
remained pure for the ab condition. ; 

The variability of the recessiveness or dominance of the ab in the F, 
led the writer to suspect that some environmental condition might be 
playing a part. In addition to the influence of the “spottedness” of the 
males in the strain to which it was crossed there seemed to be some other 
factor. When the type of male to which the ab was crossed was kept 
constant there was still considerable variation in the F, results. This 
- Was most noticeable in crosses where strains possessing normal or two- 
spotted males were used, resulting in F, ratios with a high percentage of 
ab females. Here were obtained rather variable results. Temperature 
being one of the simplest environmental factors to analyze, a series of 
experiments were carried out to test its influence upon the behavior of ab 
in the F, generation. 

In testing the effect of temperature, flies reared at room temperature 
were compared with some reared at high temperature in an incubator, and 
also with others reared at a low temperature in a basement room without 
heat. The effects of temperature upon the F, behavior of ab when 
crossed to strains 500 low and 502 high were tested. The results of these 
two experiments are given in table 23. The only place where it was 
possible to keep the temperature constant was in the incubator. The labo- 
ratory and basement temperatures were somewhat variable but the range 
of variation was sufficiently different to make a satisfactory experiment. 
The incubator was kept at 25°C which was just about the maximum 
temperature at which it was possible to rear Drosophila busckii. Even at 
that temperature the flies were somewhat undersized and reduced in num- 
ber. Immediately after pairing the flies, the culture bottle was placed in 
the incubator and kept there continually except while the progeny was 
being examined. In the case of the cold, the flies were also reared at about 
the minimum temperature at which they would reproduce. The base- 
ment-room temperatures were so low that it was difficult to get the flies 
to mate when kept there from the beginning. To overcome this the flies 
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TABLE 23 
Effect of temperature on the F, behavior of the abnormal strain. 


F, results of cross ab X 500 low F, results of cross ab X 502 high 
Temperature Female spotting Temperature Female spotting 
diti diti 
cone" | Normal | Ab | Left | Right || | Normal | Ab | Left | Right 
Room Room 
17-23° C 370 289 60 72 17-23° C 1299 64 57 61 
Incubator Incubator 
ss & 466 189 71 66 2° © 142 I 2 4 
Cold Cold 
11-16° C 3 625 8 4 9-15° C 265 133 23 42 


Table 23 shows the effect of temperature on the F, behavior of the abnormal strain when 
crossed to strains 500 low and 502 high. It has already been shown that the ab strain reacts 
differently with each of these strains in the F, generation under normal room temperatures. 
From the table it is seen that lower temperatures increase the percent of ab females in the 
F, generation in each of the crosses. 


were started in the laboratory and kept there till several eggs were laid. 
In the cross between 500 low and ab, in the low-temperature series, the 
culture bottles were kept at laboratory temperatures for the first week 
and then kept in the cold for the rest of the time. At that time the 
basement temperature varied between eleven and sixteen degrees centi- 
grade. When the experiment was carried out with the strain 502 high 
the basement temperatures were somewhat lower (g°—15°C) and it was 
necessary not only to start the cultures in the laboratory but also to 
alternate cultures between the laboratory and cold room. 

The results obtained from these matings are as follows: High tem- 
peratures tend to increase the number of normal females in the F, 
generation while low temperatures tend to increase the number of ab- 
normals. As will be seen in table 23 giving these results, the tem- 
peratures seem to have a greater or less range of effect. Under room 
temperatures, strains 502 high and 500 low, due to a difference in 
spottedness, reacted differently in the F, generation when crossed with 
ab. Under the different temperature conditions they still retained their 
characteristic influence upon the F, behavior of ab. The lowest tem- 
perature used made the ab condition almost completely dominant when 
crossed to 500 low while the highest temperatures used made the ab 
condition almost completely recessive when crossed to 502 high. This 
is a very pretty demonstration of the combined influence of two factors 
upon the behavior of a Mendelian character. 
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Since temperature influences so much the ratios of the F, generation 
it is evident that its influence is upon heterozygous flies. To further 
demonstrate this some bottles of the F, generation of the cross 502 high 
by ab were reared in the cold. In this case a larger percentage of the 
females should be of the ab type than when the F, generation of the same 
cross was reared under the same condition. In the F, generation some 
pure abnormals should segregate out and not being influenced by the 
low temperature would increase this class. The results of the F, genera- 
tion reared under the low temperatures were as follows : 398 normals, 398 
abnormals, 18 lefts and 17 rights. The results of the F, generation - 
reared under the same conditions were (table <3); 265 normals, 133 
abnormals, 23 lefts and 42 rights. It is seen that the expected increase 
in the percentage of abnormals in the F, generation occurred. This is 
additional evidence that temperature in modifying the ratios obtained 
from crosses of the ab female strain, acts upon the heterozygous flies. 


Linkage 

Since the writer (WARREN 1917) had earlier found two eye mutations 
in this species it was thought that crosses between these two mutations 
and ab might be of interest. Earlier crosses between these two eye 
mutations indicated that they were probably in the same chromosome. 
The two eye mutations had been called “red” and “chocolate.” 

Ab was first crossed to the mutation red eye. In the F,, as had been 
observed in other crosses, the ab was only partially recessive to the nor- 
mal spotting in the red-eye strain. In the F,, in case the red-eye muta- 
tion and ab were in the same chromosome we would expect to get no 
red ab females (the males cannot be considered since they do not show the 
ab character). If the two mutations should not be in the same chromo- 
some we would expect independent segregation of the two characters in 
the Ff, and the chances would be that about one-half of the red-eyed flies 
would be abnormals. The F; results (table 24) were as follows: 193 
red eye, normal-spotted ; 110 red eye, ab-spotted ; 640 normal eye, normal- 
spotted ; 472 normal eye, ab-spotted. So it is seen that there is no linkage 
between red eye and ab, or in other words they are not in the same 
chromosome. 

Ab was also crossed to chocolate eye. Since the red- and chocolate-eye 
mutations had been shown to be probably in the same chromosome we 
would expect ab to behave in the same manner when crossed to chocolate 
as it did with red eye. This expectation was realized, for chocolate and 
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TABLE 24 
Crosses testing linkage between the abnormal character 
and two eye mutations. 


A. F, of red-eyed strain abnormal strain 


Red-eyed females Normal-eyed females 
Normal Ab Left Right | ‘Shona | Ab Left | Right 
193 | 0 | 12 12 || 640 | 472 | 47 | 34 
B. Fy of chocolate-eyed strain abnormal strain 
Chocolate-eyed females Normal-eyed females 
Normal Ab Left Right | Normal | ab | ett | ie 
102 | 121 | 14 10 | 319 | 398 | yi #7 


Table 24 gives the results of crosses to test the linkage between the abnormal char- 
acter and two eye mutations. Since there was independent segregation of the two 
characters in both crosses it can be assumed that the factor for the ab character 
is not in the same chromosome as the two eye mutations. 


ab segregated independently in the F, generation. The results were as 
follows : 102 chocolate eye, normal-spotted ; 121 chocolate eye, ab-spotted ; 
319 normal eye, normal-spotted; 398 normal eye, ab-spotted. So the 
indications from these crosses are that the mutation for the ab con- 
dition was not in the same chromosome in which the red and chocolate 
eye occurred. Since no other mutations have been found in this species 
it was impossible to test the linkage further. 


Attempts to establish an ab strain from other stocks 

In practically every strain of flies which was carried any length of 
time there appeared an occasional female which had the ab type of 
spotting. In some cases, out of a day’s count of sixty females from 
a bottle there might be four or five females with the ab type of spotting. 
So high a percentage was unusual, for sometimes several hundred 
females could be examined without a single female of that type appear- 
ing. However the relative number of the ab type of females appearing 
was a factor of considerable fluctuation and seemed to be influenced 
by some environmental condition. The environmental condition neces- 
sary to bring them out was not determined although close observation 
was made with this point in mind. 

During the course of this experiment, as these females of the ab type 
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appeared in the stocks from time to time, some of them were isolated and 
mated in an attempt to establish another ab strain. In some cases these 
strains were selected for several generations. Also some of the females 
of the ab type were crossed to males from the pure ab strain. 

The data for these attempts are given in table 25. The strain 508 was 
selected for seven generations for the ab condition, but at the end of this 
period the strain was no nearer purity than at the beginning. In the 
sixth generation seven single-pair matings were made, but none of these 


TABLE 25 
Attempts to establish by selection a second abnormal strain. 


A. Selection for ab in strain 508 


Female spotting Female spotting 
Generation Generation 
‘and mating | Normal | Ab Left | Right || and mating | Normal Ab Left | Right 
Gen. A Gen. F 
mating I 124 14 3 4 mating 2 163 II 7 12 
Gen. B Gen. F 
mating I 219 17 13 14 mating 3 106 9 9 10 
Gen. C Gen. F 
mating I 217 7 6 9 mating 4 39 9 10 
Gen. D Gen. F 
mating I 252 28 24 18 mating 5 224 24 27 23 
Gen. E Gen. F 
mating I 160 44 22 25 mating 6 57 6 5 10 
Gen. F Gen. F 
mating I 61 4 6 7 mating 7 80 10 12 14 


B. Selection for ab in strain 503 


Generation | Normal| Ab Left | Right 


A 289 4 3 3 
8B 223 II 5 


Table 25 shows two attempts to establish a second ab strain from occasional ab 
females appearing in strains 508 and 503. Although strain 508 threw an unusual number of 
ab-appearing females, this percent could not be increased in six generations of selection. 
In strain 503 only a few abnormals ever appeared. 


matings showed any high percentage of abnormals. Again in strain 
503, selection was carried on for three generations with no effective re- 
sults. In three other cases ab females from the normal strains were 
mated to brothers but among the offspring there were very few if any 
abnormals 
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Another type of mating was made to test the genetic constitution of 
the ab type of females appearing in the normal strains. This was to 
cross the ab-appearing females to males from the pure ab strain. If 
these females were of the same genetic constitution as the females in the 
pure ab strain, a cross to the males in the ab strain should breed true for 
the ab condition. The results of these crosses (table 26) were, that no 
more abnormals appeared in the F, than ordinarily appeared when the 
males from the ab strain were crossed to normal females from the re- 
spective strains in which the ab females were found. So it seems that 


TABLE 26 
Crosses of abnormal-appearing females found in wild stock to males from 
the pure abnormal stock. 


Types of female spotting 


Normal Ab Left Right 
109 95 20 28 
60 149 19 25 
67 327 23 24 
68 194 16 18 


The counts in table 26 give the F, results of crosses of the occasionally appearing 
ab females in wild stocks to males from the pure abnormal stock. Had these 
ab-appearing females been genetically pure abnormals all the offspring of the F, gen- 
eration should have been abnormals. No higher percent of abnormals appeared in the 
F, generation than if the mating had been made to normal-spotted females from a 
wild strain. 


these constantly appearing females of the ab type in the various strains 
were not genotypically abnormals. 


Discussion of results of the analysis of the abnormal type 
of female spotting 

From the very beginning there existed two peculiarities of the ab- 
normal strain which made the analysis of the character both difficult 
and confusing. These were sexual dimorphism in the spotting of the 
species and the variability of the dominance or recessiveness in the F, 
generation when crossed to a normal strain. 

Discussing first the origin of the ab strain,—a glance at the data might 
seem to indicate that the purity of the ab strain had been arrived at by 
the cumulative effect of selection. The data shows that it required 
several generations of selection to bring the strain up to a state of purity 
and also that a somewhat gradual change took place in the direction of 
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selection. However it seems to the writer that the two peculiarities men- 
tioned above offer an adequate explanation for the selection required 
to bring the ab strain to purity. Since the males did not show the 
character being selected for in the females, selection was necessarily 
blind as far as the paternal parent in each generation was concerned. 
This, together with the fact that heterozygous females might have the 
same appearance as pure ab females, would furnish sufficient explanation 
for the period of selection required to bring the ab strain to purity. The 
lack of success in attempting to establish pure ab strains from the occa- 
sional ab type of female appearing in normal strains indicates that the 
original ab individuals were probably mutations and the later-appearing 
were only somatic variations brought about by some environmental 
condition. 

As to the genetic behavior of ab, early matings seemed to indicate 
that it had but few things in common with the behavior of a single 
Mendelian character. This was due largely to the lack of complete 
dominance or recessiveness of the ab in the F, generation when crossed 
to normal. More confusion was added when it was found that the rela- 
tive number of abnormals appearing in the F, was influenced by the 
type of male spotting in the strain to which it was crossed. But after 
all of the data were summarized testing the effect of temperature and 
male spotting the following findings seem to hold true: The ab condition 
in the female behaves as a Mendelian character. Its dominance or re- 
cessiveness is affected by temperature and by the type of male spotting in 
the normal strain to which it is crossed. The effect of the spottedness 
of the males in the strain to which ab is crossed, is that the ab condition 
is almost entirely recessive in the F, generation when crossed to a nor- 
mal strain in which the males are practically all of the type with a full set 
of six spots. The opposite holds true when ab is crossed to a normal 
strain where the males are of the two-spotted type. In this case ab acts 
more like a dominant over the normal female. High temperatures 
tend to reduce the number of abnormals appearing in the F, generation, 
while low temperatures increase them, but taking the effect of these 
factors into account the behavior of ab seemed to be that of an ordinary 
Mendelian character. 


Summary 


1. The type of female possessing the abnormal spotting probably 
originated as a mutation. 
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2. Although selection was necessary to bring the strain to purity for 
the abnormal type of spotting, the resulting purity was probably due only 
to isolation of individuals possessing the desired type of spotting, not 
to a cumulative effect on the strain as might be interpreted from the 
data. The difficulty encountered in bringing the strain to purity was 
due to the fact that the character was sex-limited. 

3. The abnormal-spotting character acted as a Mendelian character. 
However the dominance or recessiveness of this character in the F, 
generation was rather variable and was found to be influenced by at 
least two factors. . 

4. One factor which influenced the behavior of the abnormal-spotting 
character in the F, generation was the strain to which the abnormal- 
female strain was crossed. When the strain possessing females with 
abnormal spotting was crossed to a strain possessing males of the six- 
spotted type, the former tended to act as a recessive character, but when 
crossed to a strain with males of the two-spotted type, it acted more 
like a dominant. 

5. Temperature also influenced the behavior of the abnormal-spotting 
character in the F, generation. High temperatures tended to make 
the abnormal spotting act more like a recessive character while low tem- 
peratures cause it to act like a dominant one. 


GENERAL DISCUSSION 

The simplicity of a character offers no clue as to the simplicity of 
the manner of its inheritance. To the writer the most striking fact 
brought out in this study was the complexity of inheritance. A study 
of the spotting inheritance of a single body segment which bears only 
six spots might not ordinarily be expected to be very complicated. 
Numerous influences and interrelations of both genetic and environ- 
mental factors were found, but when carefully analyzed the inheritance 
was found to be Mendelian. 

One of the most striking peculiarities was the almost entire indepen- 
dence of inheritance in the two sexes. Variations in the males of a strain 
did not usually influence the female spottng. The ab female and the 501 
type of male were identical as far as the type of spotting was concerned. 
Each had the middle pair of spots missing but still there appeared to be 
no relation between the two when their inheritance was considered. 
Both males and females might possess the three pairs of spots but a 
different set of factors seemed to be responsible for the inheritance: of 
the spots in each sex. 
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In all of the crosses between the various types of spotting studied in 
this paper there were no cases of complete dominance. The lack of 
dominance in the crossing of contrasted characters is frequently ob- 
served but its occurrence in all of the crosses in this work is worthy of 
note. In the case of the cross between the ab female strain and a strain 
of normal females, the percentage of ab females appearing in F, genera- 
tion was dependent upon the temperature and the type of spotting of 
the male in the normal strain. Under certain combinations of these in- 
fluencing conditions the ab condition was almost completely dominant. 

Again each pair of spots seemed to be inherited independently and was 
acted upon differently by the same environmental factor. Low tem- 
peratures tended to intensify the outside pair of spots on the male 
while the same temperature tended to cause the middle pair of spots 
to be less distinct. Even the same pair of spots in the male was inherited 
differently in different strains. As simple a character as a pair of 
spots was dependent upon several factors. 

The fact that one cannot look entirely to the germ cells for the solu- 
tion of a problem in inheritance is rather strikingly brought out in this 
study. The importance of environmental conditions for the realization 
of certain characters was repeatedly seen. Temperature was shown to 
play an important part in making the ab condition a dominant or reces- 
sive character. The spotting in the males which seemed to be a char- 
acter independent from the female spotting also influenced the dominance 
or recessiveness of the ab character, Again in the male spotting, cer- 
tain spots which had been made to disappear by selection could be 
brought out again by subjection to certain temperatures. So when we 
consider the interrelation of different characters and the influences of 
environmental factors upon Mendelian characters, it is not surprising 
that the solution of the problem of inheritance has become more difficult 
than was anticipated at the time of the rediscovery of Mendel’s Law. 

In recent years considerable study has been devoted to the heredity 
of secondary sexual characters. Since the variations discussed in this 
paper are limited to one sex they may be considered as secondary sexual 
characters. It was found that the males were able to transmit varia- 
tions in the female spotting which they themselves did not show. Like- 
wise the females transmitted male variations which did not show. 
This ability of one sex to transmit the secondary sexual characters of 
the other has already been described in other insects. A similar case 
is that described by Foor and Srropett (1913) in the bug, Eu- 
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schistus. They crossed two species, one of which possessed a black spot 
on the male. The females of both species lacked the spot. However, 
the female of the species of the black-spotted male transmitted the 
spot although she herself did not show it. Other similar cases ‘are 
GEROULD’s (1911) work on Colias philodice and DE MEIJERE’s (1910) 
work on Papilio memnon. 

Considering the findings of this study in their relation to the evolu- 
tion of the species it is difficult to say just what is happening. The spot- 
ting of the female seemed to be the more stable type. In the female the 
full set of six spots seemed to be the normal type while in the male one 
pair of dorsal spots was the commoner type in nature. The frequent 
variations found in the male spotting would indicate that evolution was 
taking place in that sex. In case_an evolutionary process is in progress 
there would be two possibilities. The process might be one of loss or 
acquisition of spots to the fly. In the case of the species losing spots, 
all of the males would have once possessed six spots but have been the 
first of the tw sexes to be acted upon by theprocess. On the other 
hand if the species be acquiring-spots the action of the process upon 
the male has been retarded, the female having already changed from a 
two-spotted type to a six-spottedone. These are only suggestions of 
what might possibly be taking place, as there is no evidence from. which 
we can draw any dependable conclusions. 


GENERAL SUMMARY 


1. This paper is a discussion of spotting inheritance in the fruit fly, 
Drosophila busckii. The spotting of the fifth abdominal segment is the 
subject of discussion. 

2. There is sexual dimorphism in the spotting of this segment, the 
normal female having three pairs of spots on this segment and the male 
having one, two, or three pairs of spots on it. 

3. An unusual type of female was found (probably originated as a 
mutant in the writer’s stocks) which had one of the three pairs of spots 
missing. This was found to bear no relation {6 a similar type of spotting 
in the male; in fact the various types of spotting found in the two sexes 
were inherited independently. 

4. The mutant in female spotting required considerable selection to 
bring the strain to purity, but the effect of selection was probably only 
to isolate individuals homozygous for the character. 


5. Extensive selections were made for the type of male having one 
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pair of spots and the type having three pairs of spots. The strains in 
which selection was made for the two types of males were of a common 
parentage. By selection strains were produced which had a high per- 
centage of the desired type but neither was ever brought to absolute 
purity for the type sought. 

6. The behavior of the mutant in female spotting in the F, genera- 
tion was affected by the strain to which it was crossed. If crossed toa 
strain possessing a high percentage of six-spotted males, it acted as a 
recessive character but if crossed to a strain with a high percentage of 
two-spotted males, it acted more like a dominant. : 

7. High temperatures caused the mutated type of female spotting to 
act as a recessive character while low temperatures made it act as a domi- 
nant. 

8. In the male spotting, high temperatures intensified one pair of 
spots while the same temperatures seemed to reduce another pair of spots 
on the same segment. 

g. In the male spotting, when a strain selected for two-spotted males 
was crossed to a strain selected for six-spotted males neither type of 
spotting was dominant in the F, generation. 

10. There was a difference in amenability to selection of different 
strains taken from nature; hut when two strains, each selected for six- 
‘spotted males but of different origin, were crossed, the results of the 
cross indicated that their spottedness was due to the same factors. 

11. An unusual type of male spotting was found in which the spots 
of one pair were very large. A study of this character indicated that 
sex-linked inheritance was involved in its genetic behavior. 
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